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I.     SOME  EXPERIMENTS  ON  AMERICAN  OIL 

OF  TURPENTINE. 

By  J.  H.  Long. 

As  is  well  known,  diflFerent  kinds  of  turpentine  oil  difier  from 
each  other  in  marked  degree  in  their  action  on  polarized  light. 
While  the  French  oil  is  laevo-rotatory,  the  American  and  Russian 
oils  are  dextro-rotatory.  The  degree  of  rotation  is  not  constant, 
and  the  greatest  variations  seem  to  be  found  in  the  American  oil. 
The  explanations  offered  for  these  differences  have  not  been  wholly 
satisfactory,  and  a  few  years  ago  I  began  the  collection  of  speci- 
mens for  examination,  with  the  hope  of  throwing  further  light  on 
the  subject. 

While  the  polariscopic  tests  have  not  shown  all  that  I  looked 
for,  they  have  given  some  definite  results  of  value,  and  will  be 
explained  at  length  later.  In  collecting  samples  for  study,  the 
question  of  purit>'  frequently  presented  itself,  and  I  found  it  neces- 
sar>'  to  look  over  the  various  tests  proposed.  In  this  way  several 
practical  points  were  brought  out,  which  I  believe  worth  putting 
on  record.  I  will  also  add  several  details  regarding  the  production 
of  turpentine,  as  some  of  the  statements  in  the  text-books  are  mis- 
leading on  this  point.  For  much  of  this  information  I  am  indebted 
to  Mr.  E.  B.  Martin,  of  Louisville,  Ky.,  who  is  probably  the  best 
American  authority  on  the  practical  parts  of  the  subject. 

THE   DISTILLATION   OF  TURPENTINE. 

By  far  the  largest  proportion  of  our  American  turpentine  is  ob- 
tained from  what  is  known  as  the  "long  leaf"  yellow  pine  {Finns 
Australis),  In  certain  localities  the  "loblolly"  or  "old-field" 
pine  {P,  taedd)  is  abundant,  but  the  oil  obtained  from  it  is  but  a 
small  part  of  the  whole.  The  same  may  be  said  of  the  "pitch  " 
pine  {P.  rigidd)  and  the  "swamp"  pine  or  Cuban  pine  {P.Cubeyisis). 
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merce  without  further  purification,  although  it  holds  a  slight 
amount  of  water  in  solution. 

A  barrel  of  **gum,"  as  taken  to  the  still,  weighs  about  280 
pounds  (127  kilos),  and  yields  from  7  to  9  gallons  (26.5  to  34.1 
liters)  of  the  oil.  The  weight  of  rosin  left  in  the  still  is  about  four 
times  as  great  as  that  of  the  oil  obtained. 

The  American  production  of  turpentine  is  about  300,000  barrels 
per  annum,  of  which  over  one-half  is  exported,  chiefly  from  Sa- 
vannah and  Wilmington.  Small  shipments  are  made  from  Charles- 
ton, New  Orleans  and  Mobile. 

ADUl,TERATION  OF  TURPENTINE. 

Turpentine,  as  sold  in  quantity,  is  not  largely  adulterated  at  the 
present  time,  although  the  reverse  is  generally  supposed  to  be  the 
case.  That  sophistication  is  not  more  commonly  practiced,  is 
mainly  due  to  the  watchfulness  of  a  few  large  dealers,  who  expose 
a  fraud  as  soon  as  discovered.  Among  the  liquids  which  have 
been  mixed  with  oil  of  turpentine,  in  the  waj'  of  adulteration,  the 
light  petroleum  products  hold  the  first  place.  These  may  be 
added  to  the  still  with  the  **gum,'*  as  is  done  in  the  case  of  a  cer- 
tain ** patent"  oil  made  in  small  amount  in  several  places,  or  they 
may  be  added  to  the  oil  in  the  tanks  or  barrels.  A  petty  form  of 
adulteration  is  sometimes  practiced  in  this  manner  :  A  few  gallons 
of  oil  are  withdrawn  from  a  barrel  through  the  bunghole,  and  the 
loss  is  made  up  by  adding  benzine.  The  result  is  known  as  a 
*  *  bunghole  m  ixture. '  * 

Another  adulterant,  but  one  rarely  met  with  in  this  country,  is 
rosin  spirit,  a  light  volatile  liquid  formed  in  the  dry  distillation  of 
rosin.  It  is  not  produced  in  the  United  States  in  quantity  suffi- 
cient to  give  it  importance  as  an  adulterant.  Cotton-seed  oil  has 
also  been  suggested  as  an  adulterant,  but  if  used  at  all,  it  must  be 
in  the  manufacture  of  cheap  paints  and  varnishes.  While  adul- 
teration on  the  large  scale  is  rare,  it  appears  to  be  more  common 
in  the  product  sold  by  small  retail  dealers.  The  various  sophisti- 
cations can  be  detected  by  the  following  tests,  which  I  have  con- 
firmed by  recent  experiments. 

I.  Specific  Gravity, — The  specific  gravity  of  pure  American  tur- 
pentine varies  within  narrow  limits,  according  to  Allen  {Com, 
Org,    Anal.    2,   437),    between    .864   and  .870.      My   own    tests 
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on  thirteen  samples  distilled  from  fresh  gum  in  the  laboratory 
showed  results  varying  between  .8622  and  .8655,  water  at  15  de- 
grees being  taken  as  unity.  With  pure  commercial  samples,  I 
found  the  density  to  var>'  in  a  large  number  of  cases  between  .8656 
and  .8748.  The  results  here  run  higher,  probably  because  of  the 
presence  of  oxidation  products  due  to  atmospheric  action. 

The  petroleum  products  which  could  be  used  in  practice  for  the 
sophistication  of  turpentine  have  all  a  density  much  lower  than 
this,  as  shown  by  the  following  table  containing  results  of  tests  of 
standard  American  grades.  The  specific  gravities  w^ere  taken  at 
a  temperature  of  15  degrees  C,  and  refer  to  water  at  same  tem- 
perature as  unity. 

Gasoline,  88  degrees  B sp.gr.  .6508 

74      "        " •*  .7001 

Benzine,  63      "        " "  .7306 

"SUndard  WTiite,"  no      "        fire  test •*  .7999 

"Water  White."        150      '*  "         "  .7918 

•*  Head  Light, »•  175"  '*         "  7952 

Mineral  Seal "  .8293 

Paraffine  Oil *'  .8906 

A  mixture  of  95  volumes  of  a  turpentine,  having  a  density  of 

.8680,  with  5  volumes  of  each  one  of  these  oils,  gave  results  as 

follows : 

With  5  vols.  Gasoline,  88  degrees  B.,     sp.  gr.  .8568 

"       "                 "  74  .8595 

Benzine,  63  '*  "  "  .8606 

"Standard  White,"  no  '*  fire  test  "  .8637 

••Water  White,"  150  "  *•  "  .8632 

"Head  Light,"  175  "  *'  '•  .8638 

Mineral  Seal,  *'  .8656 

Paraffine  Oil.  "  .8688 

With  mixtures  like  the  above,  it  is  evident  that  5  per  cent,  of 
gasoline  88  degrees,  gasoline  74  degrees,  and  benzine  63  degrees, 
is  clearly  indicated  by  the  specific  gravity  test.  Using  the  same 
turpentine,  an  admixture  of  petroleum  products  similar  to  "Stand- 
ard White,*'  *' Water  White,"  and  "Head  Light,*'  could  be  de- 
tected if  present  to  the  extent  of  10  per  cent. 

With  a  heavy  grade  of  turpentine,  the  detection  would  be  doubt- 
ful. However,  an  adulteration  as  great  as  20  per  cent,  would  be 
indicated  even  with  a  turpentine  having  a  density  of  .875. 
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For  the  detection  of  ordinary  rosin  spirit,  the  specific  gravity 
determination  is  of  little  practical  value,  as  some  grades  of  the 
spirit  have  a  density  greater,  while  others  have  a  density  lower 
than  that  of  turpentine.  Rosin  oil,  however,  is  heavier  than  tur- 
pentine. 

Fatty  oils  added  to  turpentine  could  readily  be  detected  by  this 
test  because  of  their  relatively  high  specific  gravity. 

2.  Boiling  Point, — In  the  examination  of  a  large  number  of  pure 
commercial  samples  of  turpentine,  it  was  observed  that  the  boiling 
point  was  uniformly  at  155  to  156  degrees,  and  that  85  per  cent, 
of  the  sample  distilled  between  155  and  163  degrees.  The  distil- 
lation is  practically  complete  below  185  degrees.  From  this  it 
appears  that  a  determination  of  the  boiling  point  coupled  with  a 
fractional  distillation  may  be  of  the  highest  value  in  detecting 
adulteration  with  petroleum  products. 

The  initial  and  final  boiling  points  of  the  eight  mineral  oils  re- 
ferred to  above  were  as  follows  : 


Initial. 

Pinal. 

Gasoline, 

88 

degrees. 

About  40 

degrees. 

About  1 10  degrees. 

(1 

74 

"      55 

••       125 

Benzine, 

63 

"     95 

"       165 

"Standard  White," 

no 

"    130 

Above  360 

"Water  White," 

150 

"    140 

About  310 

"Head  Light," 

175 

"    160 

"      315 

Mineral  Seal, 

"    230 

Above  360 

Paraffine  Oil, 

"    300 

"       360 

By  the  initial  temperature  here  is  meant  not  the  point  at  which 
the  first  few  drops  passed  over,  but  the  temperature  reached  when 
about  I  cc.  of  100  taken  had  passed  over.  The  presence  of  5  per 
cent,  of  mineral  oils  with  turpentine  would  readily  be  shown  by 
the  tests,  as  was  found  by  experiment. 

3.  Flashing  Point. — Much  importance  is  attached  to  the  flash- 
ing point  test.  According  to  Redwood,  the  flashing  point  of  aver- 
age American  turpentine  is  33  degrees  C,  which  is  much  lowered 
by  the  presence  of  small  amounts  of  volatile  petroleum  products. 
In  the  apparatus  which  I  employ  for  such  tests,  a  form  similar  to 
that  suggested  by  Stoddard  {Am.  Chem.  Jour.  4,  287),  I  find  32 
degrees  C.  as  the  usual  flashing  point.  Experiments  were  made 
on  mixtures  containing  95  volumes  of  turpentine  with  5  volumes 
of  several  oils,  with  the  following  results  : 
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With  Gasoline,  8S  degrees,  flashing  point  below  15  degrees  C. 

74 
Benzine,  63 

'•Standard  White,"  110 

*' Water  White."        150 

"Head  Light,"  175 

**     Mineral  Seal, 
'*  •   Paraffine  Oil.  "  "  "       -^  -     " 

These  figures  show  that  ver>'  small  amounts  of  the  lighter  petro- 
leum products  have  a  marked  effect,  while  5  per  cent,  of  the  com- 
mon burning  oils  would  escape  detection  by  this  test. 

4.  I  apor  Density. — The  vapor  density  of  turpentine  being  much 
higher  than  that  of  the  light  petroleum  products  sometimes  used 
for  adulteration,  I  thought  it  desirable  to  test  the  value  of  this 
determination,  as  an  indication  of  purity.  The  Victor  and  Carl 
Meyer  method  by  measurement  of  displaced  air  {Berichte^  1878, 
p.  2253)  is  very  convenient  for  this  purpose,  and  in  my  experi- 
ments was  employed  with  ethyl  benzoate  as  heating  liquid.  In 
the  first  tests  a  sample  of  fresh  turpentine  was  distilled  fractionally, 
and  the  portion  distilling  at  155.5  ^^  ^S^-S  degrees  was  taken  for 
experiment.  Two  trials  gave  a  vapor  density  of  4.68  and  4.66, 
corresponding  to  molecular  weights  of  135. 11  and  134.53.  An- 
other sample  treated  in  the  same  way  gave  135,  as  the  molecular 
weight.  Ordinary  commercial  turpentine  not  fractionated  gives 
usually  somewhat  higher  values,  as  shown  by  the  following  table. 
About  150  nigms.  were  taken  for  each  trial. 

Vapor  Molecular 

No.  DetiHity.  Wcijfht. 

I 5.«5  145.8 

2 4.73  136.6 

3 4.89  141. 2 

4 4.86  140.4 

5 4-88  140.9 

6 5. 1 1  147.7 

7 4.92  142.1 

8 4.87  140.8 

9 4.98  143.8 

10 4.88  140.9 

II 4.80  138.6 

12 5.08  146.7 

13 5.05  145.8 

14 4.89  141. 2 

15 4.80  138.6 
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It  will  be  remembered  that  in  the  fractional  distillation  of  loo 
cc.  of  these  turpentines,  about  85  cc.  is  obtained  between  155  and 
163  degrees  C,  while  in  some  cases  the  distillation  is  not  com- 
pleted below  180  to  185  degrees.  In  No.  13  the  temperature  of 
distillation  reached  190  degrees.  Both  tests  indicate  the  presence 
of  compounds  heavier  than  the  pure  terpene  C,oH,^. 

The  light  petroleum  products  known  as  88  degree  gasoline,  74 
degree  gasoline,  and  63  degree  benzine,  consist  essentially  of  hy- 
drocarbons having  a  molecular  weight  below  that  of  turpentine. 
The  63  degree  benzine  contains  chiefly  CgHjg  and  C^H^  (according 
to  Schaedler  and  Allen).  A  commercial  sample  tested  in  the 
laboratory  began  to  boil  at  about  80  degrees,  and  was  completely 
volatile  under  150  degrees.  Most  of  it  distilled  between  105  and 
130.  A  determination  of  the  vapor  density  gave  4.09,  correspond- 
ing to  a  molecular  weight  of  11 8.1.  A  second  sample,  distilling 
at  a  somewhat  lower  temperature,  gave  3.81  as  the  vapor  density, 
with  109.9  as  the  corresponding  molecular  weight.  An  experi- 
ment was  made  by  mixing  equal  volumes  of  turpentine,  No.  8,  of 
the  above  table,  and  the  benzine  sample  having  a  density  of  4.09. 
A  small  amount  was  weighed  out  for  the  test,  the  result  of  which 
gave  4.42  as  the  vapor  density,  with  127.5  ^^  the  corresponding 
molecular  weight.  This  is  a  little  lower  than  one  would  expect. 
A  small  addition  of  benzine  can  be  shown  by  proceeding  as  in  the 
following  experiments : 

A  sample  of  turpentine  was  fractionated,  and  the  portion  boiling 
at  156  degrees  saved.  This  gave  a  density  of  4.67.  A  mixture 
containing  97  cc.  of  this  turpentine  and  3  cc.  of  the  benzine  of  the 
last  experiment  was  made  and  distilled  fractionally,  the  first  10  cc. 
being  saved.  This  was  used  for  a  vapor  density  determination, 
which  gave  as  the  result  4.56,  corresponding  to  13 1.6  molecular 
weight.  In  another  trial  90  cc.  of  the  same  turpentine,  and  10  cc. 
of  the  benzine  were  mixed  and  distilled,  10  cc.  being  saved.  4.34 
was  found  here  as  the  vapor  density  corresponding  to  a  mean  mo- 
lecular weight  of  125.3. 

By  taking  the  first  portion  of  the  distillate,  it  is  possible  in  such 
cases  to  show  readily  an  admixture  of  light  petroleum  products, 
but  the  method  naturally  fails  with  heavier  products.     A  certain 
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hmnd  of  oiinnicrcial  tun^'Htino  known  aninny'  (Iralcrs  an  "jicitiT.:  " 
oil,  and  which  omtatns  a  kvntHi-nc  dt'  nKHlt-rati-Iy  hi>:h  tr^t.  was 
triwi  in  thf  siina*  manner.  The  va|w»r  <l(.-n<it\  i»l"  the  whulv  j  it  in- 
duct was  found  to  lie  5.4(^.  corri->iNindin>*  tn  a  moltvular  uiijcht 
of  15H.5.  whili*  the  fir**t  jmrtion  «if  a  diNtill.iU*  v^ave  a  dt-iiH:!v 
«(carci-I\  diffiTinK  from  that  (»f  tuqientini-  A  low  \apT  tSen^ity 
Would  tic  found  in  a  di*»tillati*  contatiiiiiK  ro««in  ^\nt\i 

5.  /hift//ti/ton  utth  Shiim.  I  have  made  a  numlur  *A  \k-^\^  :n 
this  manner,  as  reo>mmendid  t>v  Armstr«inv:.  and  ulitauieti  results 
whii'h  fully  omtirm  hi-.  The  nu-thtid  is  valualile  !»ir  the  deto  ■ 
tion  of  ve>;etaljle  oils  ur  luiiiur  |ietri>liuni  protlr.i-t<». 

^.  \tfHi  .ltiJ(*\tt/it/u'n  \Vm  Hurton  ./w  ihim  /.'up  |2, 
|i>.*i  has  ^hltwn  that  a  f.ur  i{uantitati\e  nuasure  ot  the  ^irtr<>lei:ni 
|ir«Nlut  ts  |iriM-tit  in  a  tnr{ietit:ne  111. i>  ^n:  ni.iile  \*\  trr.ittt:^:  !hr 
s:inip!e  with  fnniink:  nitrie  aiid  \\\  t!u-  e«>!d  H\  ^!ii\\!\  <lri>fi;:ii^ 
|i«>ev'  o|  the  ttir]ic-titi!ie  iiit'i  alHiut  ;-  i\  «•!  !lu-  ti:i:i:t:t;  .u!'!  :n 
a  fla^k  inumrMil  \\\  i«'!d  w.ttir.  ihe  tt'.rji*  ::!i!if  t'*  >::  hIi:  i!'.\  ••\r- 
di/eil  til  ,w\\\  (i>!n]H.t:i;i!^  •^i>hiMe  :ii  l."*.  u.itir  uhi!i  tl:t-  ;i«-*.r>''.«  iitn 
is  It-ft  |ir.irtii  all\  nti.itt.n  ki<l  At  tht-  (t:<1  hI  ;l.r  n-.n  !:••::  :!  *.% 
sini{>l\  iiiifvirx  ti>\\.i«l:  the  j'r'*!r.i!  M\e:.i!  t'.n.i-*  \\:!h  Iml  \%  I'.ir 
to  dis^i!\v  tin  t'\ii!.»!:«'!i  «"i:]j»i«iii;«i^  -^rjv.r  i!r  w ::!:  .1  :::i:tu  I  .i!:»l 
nieasiirt-  the  ]>.ir.ithiir  rr»>i«!isi  Tli>  :•»  }■?•■*•  i*!\  tl:t  *<•»:  «i'.M:i!:- 
tal:\i    liuthinl    \tt    I'l-'j-'Mil,    .i:id    :!i    \\\\    l:.!!:-:-*    li.i-    i::\«!;    \\\'.'\ 

i!«  t«i '.p'li  ••!   .1  l'.:'.!i  T.i*.:-  :i   :ii  tr.:;*  !:*:::*        Sift       !   \\\\v.\    .\'.\    \  i'.:: 
.iM«     \^\\\  i:'..i!'.\    .\\\    ::-'«*•»   .iT!-'.   "!!i  i;    i:;:*!i  .»  ::r'.»:        A"*     i-'.     /.•:"*'.?.» 
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The  following  is  probably  an  explanation  of  what  takes  place,  and 
will  show  the  fallacy  of  the  test.  With  perfectly  pure  potassium 
iodide*  fresh  turpentine  which  has  not  been  exposed  to  the  air 
gives  practically  no  coloration,  while  with  older  samples  I  have 
observed  a  marked  color,  which  is  undoubtedly  due  to  the  action 
of  hydrogen  peroxide  formed  in  the  turpentine  by  contact  with 
air.  This  can  be  readily  shown  by  experiment.  If  a  fresh  tur- 
pentine which  does  not  react  with  the  iodide  is  exposed  freely  to 
the  air  for  some  days,  or  even  shaken  in  a  partly  filled  bottle  a 
short  time,  a  reaction  will  appear  in  a  few  seconds  after  adding  the 
crystals.  Kingzett  {Jour,  Soc.  Chem,  Ind,  1886,  p.  7)  has  called 
attention  to  the  large  amount  of  hydrogen  peroxide  formed  by  the 
oxidation  of  Russian  turpentine.  The  yield  from  American  tur- 
pentine is  less,  but  still  important. 

Iodide  of  potassium  containing  iodate  would  give  a  reaction 
with  samples  of  turpentine  containing  petroleum  products  from 
which  the  sulphuric  acid  of  the  refining  operation  had  not  been 
thoroughly  removed.  Experiments  made  with  pure  iodide,  fresh 
turpentine  and  acid  free  petroleum  gave  no  reaction  whatever. 
The  test  is  therefore  without  value. 

A  study  of  the  optical  properties  of  turpentine  I  reserve  for  a 
communication  to  follow. 

Chicago,  Dec.  28,  1891. 


PYRITES  AS  A  MATERIAL  FOR  THE  MANUFACTURE 

OF  SULPHURIC  ACID. 

BY  Wm.  H.  Adams,  M.E. 
{Continued  from   Vol.  V,  Page  670.] 

It  will  now  be  in  order  to  take  up  the  descriptions  of  mines  in 
our  own  countr>%  beginning  on  the  northern  boundary. 

Newfoundland  is  generously  supplied  with  true  pyrites  ores,  both 
the  iron  and  the  copper  sulphides  being  found  in  abundance,  with 
well  marked  and  economically  placed  deposits  of  the  best  char- 
acter, which,  however,  must  always  be  handicapped  b}'^  the  neces- 
sity for  mining  and  shipping  the  major  part  of  the  stocks  during  a 
short  summer  season.     These  ores  have  been  well  received  by  con- 
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sumcrs  in  the  I'liited  States,  as  they  contain  on  the  avera^^e  .i^wnit 
48  per  cent,  of  sulphur  :  are  free  luiniin>;.  and  thecimivr^  troni  the 
lump  ores  are  readily  s;ik-ah1c  to  iron  furnaix-s  in  the  nei{(hU>rh<MYl. 

The  mining  and  shtppiny:  must  always  o|ii*rate  tt>  the  disjd* 
vantage  of  thvM.*  ores,  and  were  it  not  fur  the  inm  iMUtent^  there 
could  Ih:  no  profit  in  handlin>^  them,  cvt-n  with  duties  ri'mnvet!.  a4 
of  late. 

What  the  future  may  have  in  store  for  thcs^-  g^eat  Mipp!:!-^  **( 
commercially  valuahlc  priMlucts  must  In*  a  «|Ui>tion  iMitirvIy  in  llie 
hands  of  centrally  liuMtoi  mines  in  ]uiro{ii*  and  AmtTiia.  uhuh. 
with  oip|ier  o intents,  arc  U'ttcr  al>le  to  oMitroI  tlie  m.irl.i*tH  of  the 
I'nited  Slate**  their  h\  priNlucts  ln-in^;  even  more  v.ilual>lc  than 
from  the  NeN%  foundland  ore** 

In  Ouelur  ili^tricl.  Canada,  the  entire  "»upplv  nf  nre^  j\erj^*.ni; 
aUiiit  ."^4  iH-r  leiit.  sulphur,  is  taken  M\er  \*\  the  i>\%ners.  .md  realtv 
makes  no  impressMnuii  the  tra«Ie<<f  the  omntry  iither  than  kn«*»n 
for  the  past  ten  \ears  The  limit  ot  prii«Iucti«*n  in  the  i  .im-  ni*  the 
Ca|H.*It<>ii  ile|H>sits  w.is  reaihcd  Hiinu-tniie  situv.  .iiid  with  depth 
liclou  the  i^'Mi  ItMit  levels,  the  su|>|il\  iinist  lieilme  >:rat!t:jll\  It 
is  iiiterestiT:^  t<i  iiute  in  iiiiiiuvtii>n  \%ith  tlie^rnuth  •<!  thetr.ide  rn 
aiids  trnin  tluM-  i*res  th.it  the\  Mire  fitst  titili/nl  lt>r  this  pur]«>sc 
h\  <frtu-ral  Ail.ini'*.  \\h«i  ii|ierated  the  miiie^  lri»m  i'»''4  t«»  1^7* 
He  erei  ted  tile  lirsi  ih.indiers  ti»  w«»rk  the  oip|iir  tife**.  m  !!:e  \rar 
is#i.s  fk^i.  .md  m.i\  t.iirU  fie  (^MisiiUretl  the  piKiieer  in  the  '.n*!us- 
tr\ .  inasniiK  h  .is  tii»  otlur  i  haiiiNrs  were  iis4«l  c«»T'.t^tit:<'iis'\  t\»r 
utih/in>;  ores  inr  m.iti\  \i.irs  .uttr  th.it  il.tti  TV.e^-  nitiu^  h^vr 
supplie«l  t<i  tile  tra>!e  of  the  ii>iiiit?\  at  le.i^t  4'>  •••■  t«>ns  ••■  ^^'in- 
menial  at  :ils  up  t<>  iLite  .i*.l  «•!  whuh  W'liiM  h  i\e  Wvu  \%.is!ed  if 
the  ordinarx  priiiv^H4-s  ,4  o.ji|Kr  wiirkiii^'*  h.id  Neii  i  .irr'o!  i»ti  1  t 
wasting  the  ^iilphiir  l>\   the  itrti.i*.  ro.i<«titi^ 

Th:««  !«pTes<ii!%  .1  s.i\i?i^  '.i   ;!r.^  \iiiitr.r\   ol   at    leist  ft    ■•      ■■». 

whuh  wiiuM  h.i\e  ^^tti  p.iid  t**  turetkcn  ioi:iit::e«  !>>r  the  a'.r.oiint 
ol  Hii*p!iiir  tin:"  Tcj''..iiv»l  *«\   ••rr^ 

The  Mil  111  M>:iu'  :!i    Ni  w    Haitip^htTe    .'ii    \\\k    \\\\k    ••!   \\\k'  (•r.iiid 
T?U!;k    k.i'.!w.i\     I/-   i!r.;f-^   ii'iii    |V'!t'..i!'.'l      Ml-      »  »"   .jn'uii    :i:    4 
pr  jt  tu'.r.   Ill  unit  r   ::i   t?u-  \t  i!   i*s|       The  1  •re-*  .■:  tl::s  t!:*!?!/:   ir 
^m^lr  ^*i!ir  ot   the  .S-^anixh  i:i:tie  ••its    j*ul    .irr  sat>l   !••   V-    :!i    the 
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same  geological  formation.  Several  lenticular  deposits  have  been 
opened,  with  an  average  width  of  8  feet,  and  maximum  width  of 
40  feet  {vide.  Mineral  Resources  of  the  U.  S,,  1887). 

Many  features  of  great  interest  to  students  will  be  found  along 
this  belt — several  miles  in  length, — although  workings  have  been 
carried  on  at  but  one  location.  It  is  said  that  the  foot  wall  of  ar- 
gillaceous slates  is  at  all  times  well  defined,  but  that  nothing  like 
a  true  hanging  wall  was  discemable  for  many  years,  and  cannot 
be  said  to  be  well  defined  even  now. 

Considerable  copper  ore  is  found  in  bands,  or  beds,  and  occa- 
sionally pockets  of  galena  (containing  over  100  ounces  of  silver 
per  ton)  are  found  closely  associated  with  the  copper ;  also  zinc 
blende  in  bands  of  unequal  length  and  depth.  The  method  of 
working  this  deposit  was  by  open  cut,  200  feet  long,  and  the  full 
width  of  the  paying  ores.  For  some  reason,  the  output  has  been 
limited  for  so  promising  a  development,  a  very  small  tonnage  hav- 
ing been  sold,  and  that  only  in  the  immediate  section  of  country 
tributary  to  the  mine — Boston,  Portland,  etc.  Copper  was  smelted 
fi-om  the  portion  of  the  ores  for  a  time,  but  as  the  sulphur  contents 
are  said  to  be  never  less  than  40  per  cent.,  it  would  seem  as  if  the 
methods  adopted  by  other  mines  of  similar  character  would  result 
in  greater  profits,  and  it  must  eventually  be  the  case  that  all  the 
ores  from  this  section  will  become  sufficiently  valuable  to  be  worked 
in  one  of  the  larger  cities,  and  worked  for  all  the  contained  metals. 
Average  cost  of  mining,  sorting,  and  all  cost  of  management,  is 
stated  to  be  about  $2  per  ton  of  ore  shipped,  and  at  these  figures 
there  must  surely  be  a  large  profit,  unless  there  be  some  unknown 
cause  for  lessened  values  in  products. 

To  the  southwest,  on  the  same  belt  of  pyritiferous-bearing  rocks, 
are  located  the  Vershire  group  of  mines,  at  West  Fairlee,  Vt. 
The  Ely,  Union  and  Corinth  are  best  known,  and  a  little  distance 
away  is  the  Elizabeth  mine,  near  South  Stafford,  Vt. 

The  former  mines  have  been  fully  described  many  times,  and  by 
expert  engineers,  during  the  past  forty  years,  as  occupying  the 
usual  position  in  talcose  schists  near  the  granites,  with  a  dip  of 
about  26  degrees  from  the  horizontal,  and  all  the  ores  so  far  dis- 
closed being  in  contracted  lenses,  say  200  feet  greatest  length,  and 
6  to  15  feet  wide — greatest  depth  1800  feet. 
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Copper  havitif;  \iwn  the  nnly  value,  the  sulphur  con  tents  Itrittfc 
lielow  .^5  |H.T  cefit..  thex*  tinner  are  nienti<»iie(l  here  a^  example-^ 
of  hir^e  mining  ami  Miieltin>^,  extending  over  a  hm^  |ieniKl  i>t  tiiiu*. 
and  as  having  favnrahle  feature**  f<»r  study,  althuuKh  nti  uurk  «*f 
ciinM.*«iuen^X'  is  at  present  ln-iuK  tlone  on  the  lielt. 

The  I^li/aU*th  mine,   however.  ahn<»st  unknown  in  hternture. 
has  develiipnients  wliieh  rank  w  ith  the  larger  mines  further  st»uth 
We  find  here  the  usual  lensi-s,  priiu'i|ully  «•!   p>rrhtitite.  a!id  i^ini 
parahle  Xo  th*»x'  nf  Carrull  0»unt>.   \'a  .  Ore  Knnh.  N    C  an«l 
lUiektown.   Tenn..   whhh    in  a  similar  mainur  are   iniprijn)ati.^l 
with  i*haloip\  rite  in  sufrioent  i|U.iiitities  to  niviti-  and  n)au>;urati* 
ipiite  an  vxteiisive  industry   in  mining:  and  snieitin>:   f^r  oi|*{«-r 
Thv  I  in-  UmIv  as  disi'I<iMd  i^  almut  2"*  Iiit   h»njij  and  i^  t»»  '»*  Wx\ 
wnli*.      N«»  uriat  tU-pth  h.i-*  !mti  )i;.iiiK-d  as  mi.  the  surf.KX-  •»res 
Immu^   in  siithtiitit  «}U.intit\  tit  s,it:N|\  WMrkiii>:s  ti>r  \ear^  to  lomc 

This  «Ii{Hi^it  }<«  ni«-ntii>niil  fiir  its  ni.4it\  iiitrre^tin>c  ^i-o*.i»);u  .i! 
featurt"«  N«>iu-«i|  the  i*rrs  an- sutta- •It-  t  •:  .i\'u\  making.  \*\\\  niuih 
of  it  i«<  I  laitiui!  Ill  !^-  t\.irti\  sn:l.iMf  I"!  "  IW'»M.'miri/:ii>:  a::d 
with  the  ailtiiti«in.il  kiinwltti^r  wc  an-  >:aiir.nk:  ^lar  h\  \ear.  thrrr 
ma\  Ml  \k-  a  ^i.iiid  tutiin  !<>r  tli:^  m:iif.  kii<>\\n  <»ii;«.t-  I7r'i  as  the 
>;riat   i'»j»jnra«<    irnii  pro*...  <«ir.p)i.tii     piii^Iiii-t; 

In  k'Wf  C'iU!it\ .  N!  I'"'  thr  I>.i\  !<«  nr.iu-  ha*  ^s^:i  ojniud  Jkiwi 
fa\«»raM\  kiinwii  tn  !l:«  tr.u'.r  -nut  \\:v  \i.ir  is^i  TI.>  !«*i\  ff 
oris  N'.iit)^"^  ti*  tilt'  !.ii:i:*.\  I't  trui-  p\;:liN  \x^*t\  }*>.  ^v/.yhuU-  and 
|iri>tniM  •«  !•  •!  i;:.i!i\  \i.ir<**<i!«  \\i  *.'.  kiiii\\:i  .i- .i  j^TimIiiix  :  iKw'.'-p 
iiiiiil<«  ari  !:mi!i  i.-r  *- ■  ;t«t  :•'.  !«:ifc^!l:  s  •  in*,  jn  .li  ptli  .nil  iri'tn 
7  III  -•  s  Ii « '.  \\:di       •.;:i     !■-■!  \\  a\\  -  •:    i:iu  i   -•  !i:s»s   .iliil    !l:i    h.i::^'!'.i: 

Ai'-'filllk:    !••  < 'f'M 'IlltU  !-.!    IiJ»'!!n     tin-   0»s!   I   I     l!::iii!ifc;     Is    5*     *   ' 

t«  .ii::::i»:    t-*   ?i!'.\\.»\    n!  iT;.  •:     %;     •       .4!i.l   ?  i:l\\  k\    :f\->^h!s   ti«    New 

t.i*:« 

'l)i*-  .\*:\':\'r.\  -  \  -^  !••-  H-^  .!  5.\?tV.  !!i  !m*  Ni  11  .i*t«t?:d'inrH| 
!•••  !r.i"\  \i.iT'»  ;  i>'.  .:  \  :••.••  w  i^  \\  ::'..  \  .:  '*■.!•.  l:  i-Jufid  :»»r 
si:'.:'.  .•  :  I'lj^r  ^'  r.!«:!-  :  r\t  -n -.  \  ■..•'.':'.it  i-wti  tJ.r  \w'.l 
.i!r  :    .:•    !   '.'.i    /;:.i    ri  r-  '.:-      '*  >      :     \%  w    \'^   .      .i!:-'.  !".i     J-nTsIj!*:-  '.:% 

s'.i'i  .     :    \\\:\\.i'..  \    ■■-.'.'i  ■<■.  '\.^  '-.^  :  '  !.'.r    ::.  i;v.   '•!:  .  :   tiu    .V'..c 
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ghanies,  but  not  necessary  to  be  elaborated  as  deposits  emphasiz- 
ing our  subject. 

We  next  come  to  the  Louisa  County,  Va.,  deposits,  geologically 
almost  identical  with  those  at  Milan  and  Davis  mines,  with  con- 
tact rocks,  quartzose  and  gneissic,  as  in  Spain.  Staurolites  and 
garnets  are  found  commonly  in  the  schists,  some  of  the  garnet 
matrixes  being  found  as  slabs  several  feet  square,  studded  with 
the  crystals,  from  pin-head  size  to  that  of  large  walnuts. 

My  intimate  connection  with  these  mines  since  they  were 
opened  in  the  year  1883  has  deepened  the  impression  as  to  origin 
of  the  mineral  matter  deposited  all  along  this  Eastern  belt.  In 
the  light  of  every  fact  disclosed  by  workings  to  a  depth  of  500 
feet,  and  of  examinations  of  other  deposits,  I  cannot  doubt  that 
they  are  bedded  veins,  their  origin  being  contemporaneous  with 
the  surrounding  stratas  of  varying  constituents. 

The  Louisa  County  deposits  are  about  five  miles  in  length  from 
north  to  south,  and  occupy  a  series  of  headlands  or  apexes  at  the 
extreme  west  side  of  the  main  dividing  ridge  of  mineral  bearing 
schists,  so  prominently  disclosed  at  this  particular  locality. 

All  of  the  known  deposits  have  been  exploited  during  the  past 
fifty  years  in  extraction  of  the  overlying  iron  ores  (limonite),  and 
the  underlying  masses  of  pyrites  seem  to  be  directly  proportioned 
to  existing  surface  excavations.  Thus  we  have  several  localities 
where  the  iron  pits  have  been  opened  to  a  width  of  60  feet  be- 
tween walls,  and  the  workings  for  pyrites  below  the  iron  hat  for 
200  feet  or  more  has  shown  the  same  relative  width.* 

Iron  pits  are  commonly  met  with  from  the  line  of  the  Chesa- 
peake &  Ohio  Railway  to  the  Rappahannock  river,  and  it  has 
always  been  a  subject  of  argument  among  explorers  as  to  reasons 
for  the  existence  of  limonite  over  all  this  section,  underlaid,  how- 
ever, with  pyrite  only  in  this  and  one  other  section  of  the  State. 
The  schists  appear  to  be  the  same  as  found  elsewhere.  The  aSvSo- 
ciated  minerals,  with  their  matrixes,  admit  of  no  ver>'  different 
classification,  yet  the  fact  remains  that  here  we  find  vast  beds  of 
iron  ores  contaminated  somewhat  with  undecomposed  pyrite  to  a 
depth  of  5Q  to  60  feet,  and  immediately  below  this  iron  ore  the 

•See  "The  6rst  Iron  Blast-furnaces  in  America."    Trans.  Am.  Inst.  Min.  Kng.,  1891. 
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solid  unaltere<l  pyritc  is  f<iuti(i  in  cxU-nt  ci>ni]Kirakilc  t>iil>  ti»  ihr 
deposits  of  Norway.  S|)aiii  and  l*ortUKaI. 

Almost  side  hy  side  we  find  the  pyrite**  and  the  ^idd  de|K><k!t.v 
which  are  contem|)orane<»us  with  the  slates  themxrlves.  the  ^tiM 
in  these  slate  heds  evidently  ln'in^  derived  trtmi  the  destrui~tioti  i«f 
the  oUier  rtKrks.  l*rof.  I*jnnicins  writing  in  1X5*1  sax**  all  th:^ 
)(<>ld  ItelcmKs  to  the  |uleo/oic  |RTi<Kl.  and  came  m  the  shafv  k4 
sediments.  Prof.  Kerr  s;iys  sub>e«|nenlly  tt»  \\^  de|ii>sitiiin  it  hi* 
lieen  aiicd  u|M»n  hy  clu-miral  agencies,  diNMiUi-ii  and  (precipitated 
a^ain,  siimetimeH  assnniniK  a  iT\stalline  structure.  s«iiiu-t:nie^  ac- 
cumulate^ in  string;**;  turnip  lentu  ular  and  mtirv  hi>;hlv  aur:lVrou« 
masM-s  in  the  ln^N.  and  is  a*is«H.-ialed  with  cry>talline  «|uart/. 
pyrite.  chaloipyrite.  Kaleinte  Mendi-.  niispickel.  etc.  All  *4  the^c 
character isiioN  are  met  with  al^n^  this  ix-ntral  divide,  tn  the  stream^ 
parallel  tn  s.iini-.  and  in  the  hreaks  an^l  water  mnrM-<»  Uadsii);  to 
the  crii-ks.  Al  the  Waitnn  K^ttld  iniiie  *^^u\v  i*\  t!ie  richest  ex- 
ample^ i-vi-r  shown  (>t  K"'*^  If*  Ka!eniU*  a'*H*^'i.itol  with  ns:^p:ckrl 
were  taken  out  within  t--*  tett  nt'  tin-  <«urt.uv 

It  is  a  m»ist  iiiteii-stin^  •»tud\  In  trait  t!u-  minira*.  ^nMris-j:  \k\X 
winch  ht-rt-  tiiiiU  vn  priiin^^in^  ii«iiditii>n<»  l<<r  the  si-^n^.i!'.tin  «if 
en«>itii<»iis  .1111' •niit^  «•!  nniur.iN  aiiil  nS  ^1  mai'.\  k:nds 

Til  the  tinrthw.iri!  thr  >jrialiM  l:n«.-s  ••i'  i. itia-  wire  e\iilenl!v  t-x- 
ertid  \»\  a  ^ud«!r!i  'It  ;>;(-<«n|i •!!  nt  p;:iii:ti\r  riaV**  %\V.:('h  r.nw  !m- 
un«Ur  water  i»t!  tin-  *  i-t  '•h-ire^  ..!  Xir^'.ni.i  .111.!  Nf.ir\land.  1:1  a 
diri-\  t  I'lurM-  I:i»:n  Ni  w!  "•.iiitl!  iis«!  t"  tlir  tixilil'.i  Ci;*'hiM^ 

\Vr  ha\f  ii'iwlurr  .»'."!!k:  t.r.f  iiw:i  i:-.:;ti '.i**  '^'.t  !r.»i:i  \"irii:i.:it  ti» 
(•eof^i.i  *ii*  h  kJk  iv.t'.c  il\Li-^.  t.iu'.t^  iTi'I  .'.•.*'.•■*  .fc'.:'-!:-* . I -•  aZ\  p!.i'.n!\ 
^»!»*<■r\.l^'.^■  \i\  ihr  !•  ■  i!:!:f^  iiaiTiol  .1:1.!  !!:i  iitj':r^'»:iiT:  « •!  a  mi>ini!ain 
chain  i-«jir.\  ill  tit  !••  i*i:;  A*.'.t  ^'h.ii::!"^  <  .111  .i*.'>!'.r  .k^^"Utlt  l«>r  the 
niik^ht^  I'll  ik^  .11  T  .*»■»  \)\K  *»••  iiri.t  it-i.ii  wV.'.^h  »:  im  j'l.i»e  !•»  !l:r 
lN'*..iw.i!i    .nil!   Chi '^.1*,^  iKT   *».i\^.  tV.r    l'"'.>t:i  u  .   ji!:u^   .i:til   ciit^tif 

W.lti  !W  i\  s 

A'!t:!:!!::;»:  tV.i  ; -i  ■- u  *  .i!  i-^t-  ••.rrt  --I  !l-.^  «  i'*!  iv.!ii?.il  ra!:|fr 
aiit!  .4'.'.  tVr  j'T'-Vt  Til".  v\ !:  *:  r.u  %  *  '.:«»  .".  ".^  ::T  \  1  r\  •'.»::•«  %-'t 
.4!i  i  i-\  ••:  ^.■'.•.;!  •••'.  T)-.i  i\-*!»!:  r  ■:  '.),■  ,  •.  i"..-  M  1*:::V:-  !t  -in 
tin-  1  •■■•."!!•..».■  !• '  \\.i  *  4::.i^  :.\tr*  ^*.i  '..'...  .;::::  ■  ■!  !!:r  wi'^TtMi 
s*"J*^  •  I    tlir  *.!!;«     W    !      *)',%•  !!  .  ?:i  T  4! : -••  •  1  ;  v  *  ',::  ! .  v.:*  *!.  ■!  i    a!  t!:r 
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base  of  the  Blue  Ridge  ;  the  copper  in  various  forms  and  at  irreg- 
ular distances  in  Maryland  and  Virginia — ^all  these  problems,  so 
puzzling,  are  answerable  when  the  source  is  admitted  to  be  from  an 
eastern  chain  of  mountains  lost  to  sight  by  some  great  cataclasm  of 
nature. 

On  the  eastern  side  of  the  pyrites  belt  the  chists  are  granite, 
micaceous  and  argillaceous,  with  workable  beds  of  mica,  kaolin, 
graphitic  talc,  etc.,  etc. 

On  the  westward  side  heavier  bands  of  granitic  schists  come  to 
surface  with  silicious  clays,  firestone,  soapstone,  flints,  etc. ,  etc. 

At  the  northern  end  of  the  outburst  of  pyrites,  the  chloritic, 
steatite  and  talcose  slates  are  cut  squarely  across  by  some  agency 
and  form  a  dam,  over  which  the  Contrary  creek  flows  on  its  way 
to  become  a  part  of  the  North  Anna  river.  The  North  Anna  in 
turn  cuts  the  stratification  at  a  point  about  7  miles  further  north, 
and  these  two  cross-breaks  give  us  the  data  for  geological  research 
in  both  directions.  Where  the  Contrary  creek  crosses  the  pyrites 
belt,  there  are  radiating  breaks  in  the  surface  like  spokes  in  an  im- 
mense wheel — ^the  position  of  the  hub  acting  as  a  basin  or  an  eddy 
for  the  accumulation  of  sedementry  matter  for  ages  past. 

Within  the  distance  of  a-half  mile  over  half  a  million  dollars  in 
stream  gold  has  been  taken  out  since  1820,  and  for  several  miles 
up  and  down  the  creek  large  amounts  of  gold  have  been  found. 

I  mention  these  features  to  show  how  exactly  similar  the  de- 
posits of  this  section  are  when  compared  to  Canada,  Vermont, 
Massachusetts  and  other  points  along  the  belt,  and  how  closely 
the  several  minerals  are  associated,  yet  how  exceedingly  difficult 
it  is  to  find,  throughout  Virginia,  any  real  source  for  the  vast 
amounts  of  mineral.  In  Canada,  to  the  eastward  and  westward 
of  the  Capelton  mines,  there  are  millions  of  tons  of  diluvium  dis- 
tinctly foreign  to  the  locality  with  glacial  detritus  apparent. 

South  of  the  Potomac  we  have  no  evidences  of  glacial  action, 
no  detritus  other  than  from  the  primitive  rocks  themselves,  and 
every  evidence  of  the  deposition  of  minerals  from  solutions,  chem- 
ical actions  which  dissolve  and  precipitate  year  after  year,  in  a 
never-ending  cycle. 

The  first  property  from  the  northern  end  of  the  outburst  of  py- 
rite  is  owned  by  the  Sulphur  Mines  Co.,  of  Virginia,  and  comprises 
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alMuU  one  iniU'  k*n);th  <>n  ihe  l>i-<U.  The  cxlretne  imrtht-rr.  !in::? 
of  the  hea<llan<ls  pHKhux*  the  cleai)e>t  and  l>esl  ):Taile  p\  ntt^.  !hv 
nii(Uile,  rin-Hha|KMl,  outbreak  is  pyrrhoiiii-  ami  the  Mmthirrs  J*r\.i'^ 
is  zineilVrous  pyrile.  with  lead  ami  jM)N*,ihl\  silver  a*»  iltpth  :* 
^aine<l. 

Only  the  tjrsl  nanu-tl  de|M»sit  is  lninv:  uorked  at  prt-scnl 
The  siomd  |>ri»iH.rty   is  owned  hy  rhiladelphia  jMrtits.   \i\\i  a* 
only  exj»l«»ratory  w«»rk    has  \kxu  d«ine  s4i  lar  :n  the  t\m:  .'l  jctiiii!:iI 
at  tlie  Miutlu-rn  end  nt'thi-  lands,  there  is  ni»  data  li>  t*i»rm  <«|»i:i:<*r:% 
as  In  eh.iraiter  and  vahn-s  i>t  tlit-  nres 

The  third  prn|Hrty  is  n\\::iil  U\  the  Arninnns  Ci»l»|K-r  Mmrs  C«' 
with  iilMHit  thrtf  <|iiarter^  *»t  a  mile  link:tli  nti  the  IhiS     .i  nr.r.ir 
ali/ed  !k-1i  tr«»m  en«l  t«»  eT;«!       In  \hi  Nd  i»!  a  '^xu.iW  wattr  \*".irsc 
thf  liiwist  il<  pTi-^siiiM  iiti   till  l.ir.iN  i.t   tlrs  i«»  iiiji.i!i\  .  tlicre  -^  <!•* 
eh'M-d  tin-  < Miti  t' »j»  «»i  .1  i  •  .T:-:i!i  :.i!i!«-  dt  }•«•*.!    \\  l;u  h  wa^  i  j^  r-.f^^i  4  . 
xear-s  .u'.'»  :«»r   eM|i|^r    .iin!   \\\\'.-^   i^.iw   llu    t.aim-   t«»  th's  pri'^rtx 
kri»jH  TU«i  «■!  !.iti    \i  .1:*.  !};i  tt    h  i-*  U  i  ::  !  '^iiii'.  .i\«T\    |i<ee.!lir  j'\  t  .!r 
di)»*»s:t.    witli  •»ii'|!:ii:  *■  :i!i  :■.!■»  .1*  •  ••.::    ;•    |kI  *ti:t       witl:    r-.i^i'-M  V.r 
ir«»n   in  tnu  1\   »l!\  i«!i  <l  i::  i::'.*.      w'.'.l:   i  !..i!.  «|\  r*te  i  i»!ita:!::i  ^:    ^:'.\kT 
A\u\   ^**\*\   t'»  .ii!i' '•.:•'.•    !■ .   •»  i\    «^:  s   ••■•    t"  II    AV.'i   a   ni"»t   I'.^tir.eVAt 
ma!r:\  "t  ^!  ij'!::!:     *' .!•         At  :.  ■  •  ::.i :  *"*  i'.:!\  fii  !?:f  !^  *!   t\*v.  ! 
.it  T  i'.'..i;--'-.i    «  .1      ]   i\\    1  ^  I  rj  ..r-.\  !?'. -.t:^  :-.  r^  "<  ::.*''.i   t!::-  .  rt   .iv.d 

*I'.i**lt      X.  il'*''.\       •'•'!         •••■•'•i'     •■•*•«»     "i*it»    til    •'■•      '■•i*'.*1       *«»*-r 

I  '       ••!*  ^''li..        1^ *  k      ■•'...•<l        •■        *^  N        .11      t        I''        •■      1  •■^■l«.'       at       •«        *iil 

in  I'll  \\.  rk.!!'..    •»'   .:r-...:   :!  1   i-::::   it-.     .-  ..     Uk\  .1:^:.,:;:    .i?-..*   *:i-rr 

Ml  {•••<>  •■•1  •.',•  .  1  ■         •  .**«  ■'■•»■!.  N  •  1T|  l.t|>ll  *..■ 

•  »,»■■,       \»i.'»l  •  •  •,,•  'I*'i        *V»"*i'v«"*«i.'*»i**'*'         •>         '••«.*■" 

>  « 

1 1 1  !  i-  I  I  *  I  ^  ■  .  ■•::.':.■■'  I !  .  ■  •  ■  -  \  ■ : .  K  . " :  i  1  ■  1  •.  *  -  \ ::  *, :  \  i ::  :  ti 
tin   :  i'-''.*   ■  :   ;  .  ^      ;^  ;-  •     •  ••    ^     ■       •    .  • 

th'    -       '    *          '.:■    •        •  .     •  ■  ••      ■•?■;-        'r!:i    •  :i  >«  •  iv      : 

.i!»  •  \ '■•"■■.■  .^•:  .'•■  ■•  'V  A  '     * '•..*-.:       %     ^  *.\\  \  ^  r.  \]'.%' 

1 »-:  :  .v.<  d  ;  •    ;  -'  •  .  ^*  :.       \\     : 

^  .  j:   .    •      ;  .           •  '.     •  •  ■     -              T 

I !.:    '  ■         '\  i-       •       •    .  • .;    •       •     .  - :  .  s«  -  ^       ! 

^ .  ^ . »  ■     ...■_,      ,....•  ^     -    •      .  •      •  ■  ■     •  •    ■ .  •  • 

I    Si        •••1i»»        •■••v  '•'t  ••         ■•  '■  ■.*!•«•  *!        •..'     •*».■•      'V*- 
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Chesapeake  &  Ohio  Railway,  but  has  no  development  worthy  of 
mention. 

Both  the  first  and  third  named  mine  properties  are  connected 
with  the  main  line  of  the  Chesapeake  &  Ohio  Railway  by  standard 
gauge  branch  railways,  constructed  and  owned  by  themselves. 
They  are  thus  in  direct  communication,  with  all  the  large  cities  of 
the  Western,  Middle  and  Southern  States,  as  well  as  within  easy 
shipping  distance  of  Richmond,  Va.,  60  miles  ;  also  but  150  miles 
from  Newport  News  and  Norfork,  Va.,  where  vessels  at  all  times 
are  obtainable  for  transport  of  the  pyrites  or  their  products  to  any 
coast  city  of  this  country  or  abroad. 

A  peculiar  advantage  is  secured  by  shipping  at  these  ports,  in- 
asmuch as  one-third  the  cotton  crop  of  the  South  is  marketed  from 
Norfolk,  and,  as  ballast  in  cotton  ships,  the  freights  to  European 
ports  is  never  over  one  dollar  per  ton,  generally  less. 

I  have  already  stated  that  shipments  from  the  Louisa  County 
deposits  for  the  year  1891  will  amount  to  at  least  70,000  tons. 

This  replaces  foreign  brimstone  to  the  amount  of  30,000  tons, 
or  an  annual  saving  of  over  $750,000  in  cash,  formerly  paid  to 
owners  of  old  world  mines. 

In  this  connection  it  should  be  understood  that  although  this 
almost  barren  waste  of  mineral  land  has  been  known  for  the  past  . 
fifty  years,  and  has  produced  only  small  amounts  of  iron  ores — 
worked  in  an  exceedingly  crude  manner  without'  appreciable 
benefit  to  the  surrounding  country,  yet  since  the  opening  of  the 
Arminius  mines  by  the  present  owners,  and  their  introduction  into 
very  general  use  of  the  granular  ores  which  this  district  furnishes 
in  greater  quantities,  there  has  sprung  up  a  settled,  orderly,  pros- 
perous community  of  nearly  one  thousand  souls  directly  dependent 
upon  the  mines  for  their  support,  and  this  number  is  constantly 
being  increased  as  the  demand  for  ore  increases.  With  supplies 
of  ore  now  in  sight,  with  added  investments  for  the  further 
treatment  of  these  mine  products,  there  will  gather  about  this  sec- 
tion many  industries  which  employ  labor  and  build  up  thriving 
centers  of  trade. 

During  the  nine  years  of  development  work  in  Louisa  County, 
Va.,  the  sulphur  from  those  ores  has  been  sold  for  less  than  half 
the  price  of  brimstone. 


IH  rVKITKS    AS    A    MATKKIAI..    KTC. 

I)«)  we  rt-ali/c  thr  iiifliiciKx-  of  siu-h  r.i<lii:al  It*<^-nip.v:  "(  prut-^. 
inadt*  |M>s*«tl»Ii.-  )»y  utili/alioii  nt  htinu*  ]iriNiiu-tN  ut'tlu*  s«iil  * 

The  OMiMiinptioii  nf  aiid  {ihtt^iihalc  tliin  \i-ar.  in  the  S*iithrrn 
Stati-s  alone,  will  extveil  Ch«i,.«bi  t«»M-.  am!  ihv  j»rKV»  lln^  w-ir 
will  lie  $4.<Ma.i,(HM»  k-NN  than  paid  tor  an  oiual  <|nantity  lour  \i-.i:^ 

Were  the  pyrileN  <if  the Smt hern  States  fullv  utili/eii  J i.n ■!.'••.) 
would  lie  s.ived  t(»  the  S»uth  on  the  alnive  tunna^e. 

S»ulhw ester  1>  from  tlie  Liiuki  o»u«t>  dejui'^ils  there  i*»  liut  '»«c 
deve1o|inient  on  the  mineral  U-lt  near  the  Janie^  n\er.  and  that  :<^ 
in  Iiuekin>;liani  eountv .  where  a  •^niall  outiiKp  "f  io|i|M.r  ln-arir.!; 
pyrites  has  lnvn  uncovered  during  the  ^^emral  <<-ati-h  ft>r  ^ii'd 
The  develojiments  now  ^oiii^  on  \\\  a  new  Oimpan>  w:ll  prj^!:- 
cally  test  the  de|»iiHit  for  ijuantitx  a! id  value 

Floyd.  Car  It  ill  ant  I  (iraxsun  enuntu-^  are   well  Lumwii   t:ii!ie;.i! 
prodtuers.  and  are  often  t^uiiteil  as  i>i!:tai!iin>;  enormous  l««i:i^  i>i 
low  j^raile  eojiit-r  ores  \\\  p\rite       Wlis'.e  the  ores  .ire  o»!!:i!i"!:I\ 
classed  as  p\  rites,  it   is  unli*r!n!i.i!r*.\  the   t.ut   that   lew  *.i^.a!!t:es 
oiiU   li.ive  di-^l'iM-^l  I'l  su'.jihrtUs  i.!  iri»n.  t!:e  \*\\W  ot  the  ore*  *« '.?SiC 
p\rrh<itite.  the  s,ime  .i^  a!read\   nutitioutd  .i'«  !<iund  in  lar^i  \\\\x\\ 
titti  s  .It  the  l-'.li/aUth  mine   in  \\rn;<'iit       C!ii!i>«  :te   and  el'.aK^' 
pMile  is  !*iiind  111  >:re.i?eT  or  !i>^s  .im«>UTit  ::i  iIum    p\  rrijotiti-s.  xvA 
o\iT     a    l"iiK    s'reti  !i   oi    (Oiin!r\        It    :s   wi!!;:n    t-:e    j»»shi».:',:;:i  ^ 
the rt  tore    tiial   in   the  ne.ir   I u! lire  ti'.ire   w:'.*.   ?te  intr^iduix^!  ^\\<\\ 
ri<>n*>ni;«  .(!  initliiNlsuS  wiirk.:!!.:  !h>  i  la^^s  ••:  i'?i-»  a-  t'*  war?. in!  !hc 
est.i*ilis!i!iuiii  it|   iitdii'«tr!(  s  ii!i  .1  ^j'.iiiil  h*m'.i    "       \\\  ij   t!:e   »»ri    :s 
siS\i!  U  \\\\\^    .ind  p!«i*'.»l»I\  i.irr-.i^  ^lue  >:"'•'..  i*  rem.i:kaS*.i   inx 
tr'«iu  a:M!ii..  ph<«'^pli-rr.'»    .inV.i!:<'!i\    i  li       s«i  \\\\\  .i.Ii!i:!!:!ifc;  the 
al»srm'r  ••:    sii'ij'hr.r   \\\  p.i\  iiii:  •iU.ir:!:":es    l*.t  !e    .irr    \f!    •■!!:€»    pf\» 
diu  !-*  uli:*!:  »••■.:!<[  *^- 0'!iii:ii  u  :a*.*.\    \  ./.ii.i^'.i-  when  wi'k.i\!    undtr 

\\\  ii  frj' v.- 1   !••   \  ni  tj'  .••  \'ii^int.i    \\  w'.'.l  U-  Mrn!V-i!  .It  prrs*!it 
thi^  nisiiiT.il  r  i::.:t   :r    \\\  \  :.\d  i"i:v.!\     tV.e   p.. »?•!•.!  t-i   *«!i!'.d.ir\     to 
A^he  lo'.iijtv     N    :':•.  V.*.r"li!M    \\w    •*  .;'*!•  rr:   i::-!    :n  w:!!i"*:!  i'.:r\\t 
ra:!w.i\   i '•::.::!  ■.•.!:.!.  i!r    ?:        Wire    '.  "i-    i  x'.i  :.  li',    \\\\  •   !\:*   ^\  !:•  !i 
t!:r  d:-!.!!-.' V  !r«  :::  i  \  ■.*•.:; kj  i:.  iiVt>    iv  !   \\\k   t\-.ns*:\i    :?i   ,;!::  !ate% 
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in  such  mountainous  regions  would  more  than  likely  overcome  the 
advantages  which  should  accrue  to  so  extensive  deposits. 

There  is,  however,  no  necessity  for  marketing  these  ores  in  the 
more  northerly  states,  in  opposition,  perhaps,  to  other  mines,  as 
markets  of  equal  importance,  if  not  of  greater  extent,  will  shortly 
be  opened  within  easy  reach  by  rail,  and  the  Southern  States 
should  properly  draw  their  supplies  from  such  sources  as  are  found 
along  their  own  mineral  belts. 

The  Ore  Knob  mines,  perhaps  more  favorably  known  than  any 
other  mine  location  of  this  Eastern  belt,  belongs  to  this  group  of 
deposits,  and  are  but  ten  miles  south  of  the  Virginia  state  line. 

The  range  lies  4,590  feet  above  sea  level,  as  compared  to  500 
feet  in  Louisa  county,  yet  the  outcrop  is  the  same  gossan,  or  iron 
hat,  and  of  the  same  mineral  thickness.  In  shafting  for  the  ores, 
no  dead  work  has  to  be  done  except  to  pass  through  this  iron  gos- 
san, never  more  than  fifty  feet,  and  the  walls  being  almost  vertical 
the  mining  of  the  beds,  which  are  from  ten  to  fifteen  feet  thick,  is 
attended  with  little  expense  in  timbering,  etc. 

Mining  operations  have  been  conducted  along  this  belt  since 
1857,  ^^^  ^^  ^s  ^^^  lately  that  copper  works  of  the  most  complete 
character  were  in  going  shape,  and  successful,  until  the  price  of 
ingot  dropped  below  the  twelve-cent  line. 

These  workings,  carried  on  for  many  years,  demonstrated  to  a 
certainty  that  ores  of  this  class,  containing  less  than  three  per  cent. 
of  copper,  cannot  be  handled  to  a  profit  with  ingot  at  twelve  cents. 

Location  may  be  said  to  mean  everything  in  the  way  of  success 
or  failure,  and  it  is  true  that  transportation  problems  were  among 
the  main  causes  for  failure  in  this  particular  case.  Such  draw- 
backs are,  however,  a  direct  stimulus  for  improving  every  detail 
of  working,  so  that  costs  in  every  department  are  lessened  to  meet 
the  heavy  charges  for  transport  to  market.  The  great  improve- 
ments in  roasting,  smelting  and  refining  of  copper,  gold  and  silver 
have  come  from  this  necessity. 

With  the  settlement  of  the  transportation  problems  and  the 
erection  of  metallurgical  plants  to  treat  all  the  contained  metals  in 
these  ores  there  promises  to  be  a  grand  future  for  this  district. 

About  100  miles  to  the  eastward  are  found  the  mines  of  the 
great  gold  belt,  which  extends  from  the  Virginia  line  to  Georgia. 
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This  licit  is  fniin  s  to  20  miles  uicU*  ami  o>nt.iin>  such  ui-'.l 
kiKiwn  c;cani]>lcs  of  lar>;c  ore  iK'}M»sits  as  the  IIooviT.  (f«i!«I  IIiII. 
Riis.st-11.  Ka'wcr  and  IlaiU*  inincs.  In-sick*  many  othfr"*  of  Iis^r 
ma>;ni tilde.  They  are  ttm  well  known  fruni  fre«|nent  mention  1:1 
(Ceolo^ical  rejMirts.  private  deM'riptions,  aiwl  every -tlay  know!c«!^c 
of  their  s|iecial  cliararteristiis  to  neitl  el aU irate  mention  here.  VuC 
the  entire  lielt  will  he  the  Mxne  of  renewed  activitx  at  no  \vr\ 
distant  ]>i-ri<Ml,  when  the  valuers  in  sul|ilinr.  iron  and  previnns  nu-t- 
nls  are  |»ro|>erly  ap]>riX'i.iti<l. 

In  a  Ntriitly  mineral  sc-nsc  I  class  this  \nr\x  nf  rniiierali/eil  slati^ 
as  anions  the  ^rand  natnral  w lenders  uf  this  o*unlry.  ami  nn  i>ni' 
can  travel  its  len>;th  and  breadth  with«int  tnarvilinK  at  the  we.i'.th 
in  low  Krade  ore's,  easy  uf  actvxs.  cni*rintius  in  amount 

That  Ml  ninch  nf  aiitii  i|iatitin  .iiitl  sn  little  uf  reah/a!i«in  h.is  tirrn 
the  history  tif  this  s<vti«in  thns  far  is  ouin^  not  to  tlie  laik  ••f  t>»n- 
na^e  111  If  ti>  varying  \aluis.  but  it  ni.iv  U-  s.iid  that  cauM-^  wh:oh 
have  1>ri»nv:ht  dis.iHtfr  to  vnter|fri*<-^  alun^  this  nriural  ratitce  .irr 
the  s.inie  i  ans4-H  whicli  have  j»r«»«!uittl  a  *.ike  rt-sult  in  c\vt\  irmn: 
nent  niinin>:  Mition  ••!  the  world  Starting:  witli  the  hrfud  !•?••;»•► 
sitioii  that  a  ilo^'  husiiu-'SN  luanakii  niriit  is  in  isMiit:.il  in  niinrTik: 
as  in  i\ir\  **ther  rtitrr]'r!s4-  aii<l  t!'..it  there  is  a  trrtam  definite 
|»er*vnl.iv:f  ••!  simtss  .md  failun  :ii  .i\\  l-r.s!iii%H.  it  i  .m  \v  |»ro\td. 
liv  e\aii»j»Irs  rx.utlx  tiltei!  to  llie  C"i:d:!i-'iis  t  xi^'iiivj  al<>n>;  !h:s 
Ult.  t!:at  ti'ii  !or  l«iii  .itul  mi irking:  tiji  .I'.I  \\:v  iirmlnets,  thcrv  \\\\\ 
\a-  Imind  a  i;n  iln  .iMT.i^r  jT'»f:!  thati  iti  urstrrTi  ««?es 

I  sli.ii;  .itli  ni|it  !•■  tti.kke  !his  st.i!ri::(  !i!  ]<i!!t\t'.\  i  li  ir  in  e\erv 
w.i\  lurthtt  Mil  b.isttifc;  iM\  arKi*mrii!s  4111  j-re!:i:"<"s  nt-vtr  \et 
hroi]k;lit  («ir\i.ird  \\:!h  rtVuim-  it*  !!:is«-  nn-s 

Tlu  Ciri"!*.  .ij;-!   As!;r  io*i!:!\  ilrj-'stt^  o'!;l :!■.!!«■  :•]  a  iSinvt  '.inc 
in!'i  <K''»T^-i  w:!!:    I>.d:'.'»!:tfc:.i  as  a  »v!i!rT    lJ:i!!xv  !»•  AtaKtriia    cm 
tt-rin»;  !l:r'»'.ifc:h  C.i  *''.tTv.*-  i-'-iititx    \%!;rir  tS'.i"  \\k'.\  k!i>*Mn  SSi'Sir  lidl 

TS'.e  uj'!i:i!n*l   !:ii:jri  i*   **-.i!*.Tifc:    s!.i!i-^   form  a  o«!i!'.!ir.i*us  di\!t!c 
Iriifti  M.i:\ '..i!i'l  !■•  !!.r  C— "-i  r:\ir  :!i  A'.  i*'.i!:ia    whrTt-  !he>   are  en 
l:n'.\    I.:'.   •■■.:!    .ir.I  •!;*  i'*,<- 1:       'V:.\-  \i  .i!i  ?>  >;*T:ir.i!!\    !l'W    !«•  tV.e 
n-rr!'.  n.  1  ^-lirh  •  : :  ..n  .!.\:.!r    :*.  i*.  >  !••  '.]\i  i  »*.:■»  .1?:.*.  Mi-^s  %*«;.i 

rj\»rs    r.  :':r  ,.•:!   ,[\'.\>  ',:    •:     r:  \  !-»  '.)\r  At!  i!:!:     «^va!i  '.!:  T!:r  i«'.!:f  r 
l!\rr\  iTifk    s!r»  .mi  an.',  ^jash  .i'.«i!i»;  '.Ins  di\:ilr  '.s   ^j.-M  l«-ar:ti^ 
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to  some  extent,  the  eastern  slope  furnishing  mostly  free  gold  and 
the  western  slopes  oftener  showing  pyrites  at  or  near  the  surface. 

The  free  gold  developments  are  not  necessary  to  mention  in  this 
article.  The  pyrites,  however,  have  received  too  little  attention 
during  all  these  years  of  prosperity  to  the  South,  and,  so  far  as 
disclosed  by  the  limited  prospecting,  have  been  so  favorable  a 
material  for  the  manufacture  of  sulphuric  acid  that  it  is  to  be  hoped 
a  more  liberal  policy  will  be  advanced  and  adopted  from  this  time 
on  which  will  bring  them  into  the  prominence  they  deserve. 

The  deposits  near  Dallas,  in  Paulding  county,  and  the  Talla- 
poosa mines  in  Harralson  county,  have  already  been  mentioned 
by  me. 

They  are  mineralized  zones  of  pyrite,  with  variable  amounts  of 
copper,  iron,  gold  and  silver  found  in  the  usual  schistose  slates, 
with  a  gangue  which  is  easily  separated  by  the  commonest  methods 
of  mechanical  concentration.  Their  mining,  classification,  treat- 
ment for  extraction  of  the  sulphur  in  acid  manufacture  and  sub- 
sequent recovery  of  the  contained  metals,  is  one  of  the  problems 
successfully  worked  out  in  the  North  on  like  ores  during  the  past 
fifteen  years,  and  now  carried  on  in  a  large  way  near  New  York — 
250  tons  daily. 

The  Stone  Hill  mines,  in  Alabama,  consist  of  two  large  deposits 
of  pyrrhotite ;  one  of  them  proved  twelve  hundred  feet  in  length. 

The  ores  are  intercalated  in  a  micaceous  schist  of  the  Laurentian 
age,  the  surface  altered  into  limonite  by  atmospheric  agencies,  and 
in  the  zone  below  the  iron  hat  black  oxide  of  copper  has  been 
found  in  large  quantities,  or  more  properly,  a  rich  black  sulphide 
containing  about  30  per  cent,  copper. 

The  bed  is  a  mixed  slate  and  pyrites  over  1 5  feet,  and  pjnrrhotites 
for  15  to  20  feet  greater  width,  the  bulk  of  the  ores  from  end  to 
end  carrying  over  3  per  cent,  of  copper,  and  except  for  the  usual 
diflSculties  of  location  and  crude  methods  of  working  which  were 
adopted  at  the  time  this  property  was  opened  fifteen  years  ago, 
there  would  have  been  a  generous  profit  to  the  owners. 

To-day  the  location  and  the  certainty  of  very  large  bodies  of 
copper-bearing  ores  in  this  section  must  have  a  positive  influence 
in  determining  new  ventures,  and  sufiBcient  capital,  with  the  latest 
practice  in  metallurgy,  must  win  for  the  fortunate  owners  such 
returns  as  will  recompense  them  for  the  long  period  of  idleness. 
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In  1866  extensive  operations  were  carried  on  in  Fannin  county, 
Ga.,  the  ores  of  this  section  resembling  somewhat  the  slaty  ores 
from  the  East  Tennessee  mine  to  the  northward.  The>'  were 
worked  from  beds  twenty  feet  wide  over  quite  a  length,  but  are 
now  filled  with  water  and  debris  to  an  extent  which  makes  it  im- 
possible  to  judge  of  the  real  values.  Concentrating  and  smelting 
operations  were  carried  on  for  several  years,  as  e\ndenced  by  the 
dumps  now  overgrown  and  changed  by  atmospheric  agencies. 

Just  over  the  boundar>-  line  of  Tennessee,  and  in  the  southeast 
comer  of  that  State  the  Ducktown  mines  are  found  in  a  basin  per- 
haps twenty  miles  in  diameter,  seemingly  the  issue  of  and  formed 
by  the  partings  and  dislocations  of  the  main  chain  of  the  Alle- 
ghanies,  which  at  this  point  almost  abruptly  end  their  direct 
course  and  part  to  the  east  and  west. 

Entering  this  valley,  by  means  of  a  winding  trail  o\'er  the  tow- 
ering mountains  to  the  eastward,  there  is  presented  a  picture  of 
mournful  .strength  and  lifelessness,  strangely  impresssive  in  e\'ery 
sense — a  desolate  valley  with  its  irregular  placed  knobs  of  vary- 
colored  rocks,  mineralized  and  artificial  openings,  denuded  of  all 
vegetation  by  the  scouring  action  of  sulphurous  gases  which  swept 
over  it  for  many  years. 

Rising  200  feet  and  upwards  above  the  water  level  of  the  basin, 
with  millions  of  tons  of  iron  ores  on  the  surface,  these  deposits 
sink  into  insignificance  all  known  mining  sections  with  the  single 
exception  of  the  central  portion  of  the  Sierra  Morena  in  Spain. 
Every  evidence  of  a  wonderful  concentration  of  mineral  wealth  at 
this  particular  location  can  be  gained  by  cursor>'  examinations,  as 
nothing  on  the  surface,  neither  tree  nor  vegetation,  obstructs  the 
general  observation  or  renders  difficult  the  closest  study. 

The  rocks  have  been  fairly  scoured  by  the  action  of  sulphur  gas ; 
numerous  openings  are  found  above  the  water  level ;  enormous 
dumps  of  low  grade  ores  and  waste  matters  are  met  with  on  every 
side,  and  the  wrecks  of  the  earlier  attempts  in  metallurgy'  are  yet 
present  to  ser\'e  as  milestones  in  the  pathway  of  American  progress. 

Students  in  geology,  mineralogj-  and  metallurgy  cannot  afford 
to  miss  the  rare  treat  of  a  visit  to  this  well-known,  but  generally 
inaccessible  location,  and  especially  so  before  the  march  of  newer 
events  .shall  have  taken  from  it  the  charm  of  silence  and  the  ma- 
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jesty  of  a  repose  seen  in  no  other  mining  region.  Three  parallel 
zones  of  minerals  are  fully  proved  over  several  miles  in  the  central 
portion  of  the  basin. 

The  East  Tennessee,  London,  Cocheco  and  Hiwasse  mines 
comprise  the  Western  zone ;  the  Isabella  and  Eureka  range  of  de- 
posits are  in  the  center ;  the  Polk  county,  Mary  and  Callaway 
mines  are  on  the  Eastern  zone.  Siliceous  and  slaty  ores  predomi- 
nate on  the  Western  zone,  and  this  class  of  products  require  con- 
centration by  the  usual  methods  employed  in  foreign  countries 
where  for  more  than  100  years  they  have  been  working  out  these 
problems. 

The  entire  surface  of  the  beds  above  the  level  of  the  streams  are 
composed  of  limonites — ^altered  by  atmospheric  agencies  and  the 
presence  of  percolating  waters — the  copper  from  which  is  found  in 
pockets  and  masses  generally,  and  is  known  by  the  term  **  black 
oxide." 

This  is  easily  soluble  after  contact  with  the  air,  and  gives  rise 
to  the  strong  copper  waters  found  in  every  mine,  as  well  as  over- 
flowing into  the  streams  near  at  hand.  Immense  amounts  of  ce- 
ment copper  have  been  made  from  these  waters,  and  the  actions 
are  at  all  times  going  on  underground,  converting  the  sulphides 
of  the  ores  into  oxides,  sulphates,  etc.,  there  being  heat  enough 
from  this  cause  to  be  appreciable  in  winter,  the  snow  melting  from 
the  surface  in  an  exceedingly  short  time  and  before  it  is  affected 
on  any  other  part  of  the  lands  about. 

Operations  on  a  very  extensive  scale,  covering  a  period  of  per- 
haps twenty  years,  have  disclosed  the  general  shape  and  extent  of 
the  lenticular  beds  in  each  of  the  mines  named,  and,  with  the  sin- 
gle exception  of  the  East  Tennessee  mine,  there  have  been  few 
developments  at  depths  which  prove  values,  the  surface  oxidized 
ores  and  higher  grades  of  yellow  sulphurets  with  black  oxides  of 
copper  being  alone  worthy  the  exploitation  when  transportation 
charges  were  so  excessive.  With  the  system  at  present  pursued 
in  other  mining  districts  modified  to  meet  the  particular  necessities 
of  each  mine,  this  region  should  support  a  large  and  prosperous 
population  for  centuries  with  established  industries  needed  by  the 
contiguous  agricultural  and  manufacturing  centers. 

[to  be  continued.] 


THE  CHEMICAL  ANALYSIS  OF  ALUMINUM. 

Uv  Alfkei>  K.  Hint,  Geo.  H.  Ci.app,  and  Jamks  O.  Haxdy. 

The  principal  impurities  found  by  us,  in  cx>mmercial  aluminum, 
have  been  silicx)n,  iron,  and  copper. 

The  present  system  of  valuation  of  aluminum  is  based,  chieflj", 
on  the  total  percentage  of  impurities,  but  account  is  also  taken  of 
their  nature  and  relative  amounts. 

SOLUBILITY   OF   ALUMINUM. 

Hydrochloric  acid  (sp.  gr.  1.2)  dissolves  aluminum,  in  the 
form  of  drillings  or  chips,  with  ver>'  great  rapidity.  Sudden  foam- 
ing up  takes  place,  and  much  heat  is  produced.  As  this  foam- 
ing often  causes  overflow,  it  is  desirable  to  use  a  more  dilute 
acid  for  analytical  work.  A  mixture  of  35  per  cent,  hydrochloric 
acid  (sp.  gr.  1.2)  and  65  per  cent,  of  water  is  better  suited  for  gen- 
eral w^ork. 

Nitric  acid  (J^p.  gr.  1.42)  when  cold,  appears  to  have  no  action 
on  aluminum.  In  boiling  acid,  however,  the  metal  is  very  slowly 
dissolved. 

Nitric  acid  (sp.  gr.  1.2),  similarly,  has  little  or  no  action  when 
cold.     At  the  boiling  point,  it  dissolves  aluminum  slowly. 

Sulphuric  acid  (sp.  gr.  1.84),  acting  on  aluminum,  in  the  cold, 
soon  forms  on  its  surface  a  coating  of  sulphate,  which  protects  the 
remaining  metal.  When  heated,  concentrated  sulphuric  acid  dis- 
solves aluminum  slowly. 

Dilute  sulphuric  acid,  containing  25  to  50  per  cent,  of  concen- 
trated acid,  dissolves  aluminum,  in  the  cold,  but  only  after  a  long 
time.  Heating  hastens  the  solution  to  such  an  extent  that  we 
have  hopes  of  using  this  method  of  attack  in  determining  iron 
hereafter. 

Aqua  regia,  even  that  which  contains  only  one-sixth  as  much 
hydrochloric  acid  as  nitric  acid,  and  a  volume  of  water  equal  to 
that  of  the  mixed  acids,  dissolves  alimiinum  almost  completely 
without  warming  and/w//>'  when  heat  is  applied. 

Potassium  hydrate  solutions  of  various  strengths  dissolve  alum- 
inum readily. 

F.  Regelsberger  {Zeit,  fur  angeivandte  Chemie,  June,  1891)  uses 
potassium  hydrate,  usually  in  40  per  cent,  solution,  as  a  solvent  in 
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the  processes  by  which  he  analyzes  aluminum,  i  gm.  of  alum- 
inum requires  for  solution  about  15  cc.  of  the  40  per  cent.  KOH. 
We  do  not  favor  this  solvent  for  general  work.  Its  use  pro- 
longs the  analysis,  and  renders  close  attention  a  necessity.  The 
fatal  objection,  however,  to  its  use  in  a  laboratory,  where  large 
numbers  of  aluminum  analyses  are  to  be  made,  is  its  expense.  It 
would  cost  three  times  as  much  as  the  acid  processes  which  we 
employ. 

SILICON. 

a.  Properties  of  Silicon  in  Aluminum, — In  planning  a  method 
for  determination  of  silicon  in  aluminum,  it  is  necessary  to  remem- 
ber that  it  exists  therein,  in  two  forms,  the  graphitoidal  or  crystal- 
line, and  the  combined  form. 

PROPERTIES  OF  GRAPHITOIDAL  SILICON. 

When  commercial  aluminum  is  dissolved  in  any  acid  or  mixture 
of  acids,  graphitoidal  silicon  remains  behind,  mixed  with  more  or 
less  silica.  Our  experiments  show  that  this  graphitoidal  silicon 
has  the  following  properties  : 

a.  It  is  oxidizable  only  to  a  slight  extent  by  heating  over  a 
Bunsen  burner  or  .blast  lamp.  Oxidation  proceeds  slowly  even  if 
the  mass  is  frequently  stirred. 

We  found  that  0.1114  gms.  of  a  mixture  of  silicon  with  a  very 
small  amount  of  silica  gained  .0050  gm.  in  i  hour,  over  a  Bun- 
sen  flame. 

In  a  second  experiment,  0.0908  gm.  of  a  mixture  of  silicon  and 
silica  (half  and  half)  gained  .0018  gm.  in  fifteen  minutes,  heating 
over  a  blast-lamp. 

Oxidation  by  heating  alone  is,  therefore,  too  slow  to  be  of  use 
analytically. 

b.  Graphitoidal  siUcon  is  gradually  oxidized  and  dissolved  by 
heating  with  40  per  cent,  potassium  hydrate  solution. 

c.  Fusion  with  sodium  or  potassium  carbonate  or  nitrate,  quickly 
oxidizes  graphitoidal  silicon  and  produces  the  corresponding  sili- 
cate. 

d.  Notwithstanding  the  difiBculty  of  oxidizing  graphitoidal  sili- 
con completely  by  heating  it  in  the  air,  its  partial  oxidation,  by 
this  means,  is  sufficient  to  interfere   seriously  with  any  method 
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which  depends  for  success  on  its  permanency,  even  for  a  short 
time. 

Thus,  when  at  the  end  of  the  first  step  in  the  determination  of 
total  silicon,  we  obtain  a  mixture  of  silicon  and  silica,  it  would 
seem  to  be  a  very  simple  procedure  to  treat  this  weighed  mixture 
with  a  few  drops  of  sulphuric  acid  and  3  to  5  cc.  of  hydrofluoric 
acid,  evaporate,  ignite,  and  weigh  the  residual  silicon. 

Unfortunately,  as  the  experiments  show,  the  determinations  are 
not  so  simple.  Of  course,  all  the  silica  which  was  originally  pre- 
sent, has  been  volatilized  by  the  hydrofluoric  treatment,  but  we 
have  left,  a  residue  of  silicon  and  silica  from  the  oxidation  of  a 
part  of  the  original  graphitoidal  silicon.  liaving  thus  discovered 
that  part  of  the  graphitoidal  silicon  has  been  oxidized,  we  are  left 
in  doubt  whether  some  silica  from  that  source  also  has  not  been 
volatilized  by  the  hydrofluoric  acid  treatment.  Our  experiments 
show  that  it  has. 

Thus,  the  apparent  loss  of  weight  by  the  HF  treatment  is  made 
up  of  silica  (originally  present),  plus  silica  from  oxidation  of 
graphitoidal  silicon,  and  minus  oxygen  taken  up  by  graphitoidal 
silicon.  Table  i  gives  the  results  of  experiments  by  this  method, 
first  on  the  original  mixture  of  silicon  and  silica,  and  then  on  the 
residues  from  the  H,SO^  +  HF  treatment  of  the  mixtures. 

TABLE    I. 

Separation  of  Silica  from  Silicon  by  Sulphuric  and  HF  Treatment, 


'No.  491.  No.  4S3.  No.  499.  No.  602.  No.  475.  No.  475.  No. 475. 

I 


I 
I   Cms.      Gins.      Cms.      Gms.  '  Cms.     Cms.  I  Cms. 

I  I  '  1  I  i 

Original  weight  silicon  and  '  . 

silica .0218    .0341     .0183    .0132    .0909  '  .0908  '  .0297 

Loss  of  weight  by  first  HK  1  j  i  1  '  i 

treatment 1  .0029    .0136  ^  .0051  .  .0041    .0453    .0460    .0147 

Loss  of  weight  of  first  resi-  1  1  ■  ' 

due  by  HF  treatment  .  .  '  .0039  1  .0067  .0020  '  .0004  .0094  '  .0167  .0061 
Loss  of  weight  of  second  resi-  ,1 

due  by  HF  treatment    .    .  .0057  '  .0021    .0009    '0097    .0098 


Thinking  that  better  results  might  be  obtained  by  washing  the 
silicon  out  of  the  mixture,  by  the  use  of  dilute  hydrofluoric  acid 
alone,  a  few  experiments  were  made.     The  weighed  mixture  of 
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silicon  and  silica,  in  a  platinum  crucible,  was  stirred  with  5  cc.  of 
Baker  &  Adamson's  C.  P.  hydrofluoric  acid,  till  lumps  were  dis- 
integrated. Two  parts  of  water  were  then  added,  and  the  mix- 
ture filtered.  One  wash  was  given  with  a  mixture  of  30  per  cent, 
hydrofluoric  acid  and  70  per  cent,  water,  and  then  a  number  of 
washings  with  water  suflficient  to  remove  the  acid.  The  filter  paper 
was  then  burned  off  and  the  residue  weighed.  Repetition  of  the 
washing,  etc. ,  showed  that  the  graphi  toidal  silicon  had  been  oxidized 
to  a  slight  extent  during  the  short  heating  required  to  bum  off 
the  filter  paper. 

TABLE   II. 

Separatum  of  Silica  from  Silicon  by  HFwash, 


Original  weight  of  silica  and  silicon 

Loss  of  weight  by  first  HP  wash 

Loss  of  weight  of  residue  from  first  treatment  by  sec- 
ond HF  wash 


No.  443. 


Gms. 

.0492 
.0120 

.0011 


It  is  probable  that  the  oxidation  of  the  residual  graphitoidal 
silicon  can  be  wholly  avoided  by  drying  it  on  a  weighed  filter 
instead  of  attempting  to  bum  off  the  filter  paper,  but  we  found 
that  this  would  be  impracticable  for  general  work,  because  of  the 
difliculty  of  weighing  a  number  of  filters  under  exactly  the  same 
conditions  before  and  after  HF  washing. 

We  are  now  preparing  to  test  for  a  method  of  filtration  of  the 
silica  and  graphitoidal  silicon  upon  a  platinum  filter  made  in  the 
form  of  a  truncated  cone,  which  will  fit  closely  in  the  base  of  a 
platinum  Gooch  filter,  or  in  such  a  filter,  without  the  perforated 
base.  The  scheme  being  to  weigh  the  filter  after  washing  the 
silica  and  silicon  mixture  with  hot  dilute  hydrochloric  acid  and 
water,  and  finally  with  hot  water  and  drying  at  80  degrees 
C. ,  treating  with  hydrofluoric  acid  and  sulphuric  acid  to  dissolve 
the  silica.  Wash  with  hot  water,  and  weigh  again  without  delay, 
after  dr>'ing  at  80  degrees  C,  the  loss  in  weight  being  the  silica  in 
the  mixture,  and  the  residue  being  the  graphitoidal  silicon.  This 
method  bids  fair  to  prove  approximately  accurate.  The  platinum 
truncated  cone  is  being  made  as  an  enclosed  box  of  platinum  sheet 
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soldered  around  a  mass  of  an  alloy  of  platinum  and  zinc,  the  top 
and  bottom  surfaces  being  perforated  with  fine  holes  for  the  passage 
of  the  liquids  through  it.  the  zinc  being  dissolved  out  of  the  alloy 
with  sulphuric  acid,  leaving  the  interior  of  the  cone  a  mass  of 
platinum  sponge  to  act  as  a  filter.  The  filter  can  be  cleaned  from 
the  graphitoidal  silicon  by  immersing  it  in  a  mass  of  molten  sodium 
carbonate  in  a  platinum  crucible,  which  will  transform  the  silicon 
into  silica,  in  which  condition  it  can  be  washed  out  with  hydro- 
fluoric acid. 

COMBINED   SILICON. 

A  portion  of  the  silicon  in  aluminum  exists  in  the  combined 
form. 

The  ratio  of  combined  to  graphitoidal  silicon  is,  according  to 
our  experience,  less,  the  more  silicon  the  metal  contains. 

DETERMINATION  OF  TOTAL  SILICON. 

0.9334  gm.  of  thin  turnings  or  drillings  are  placed  in  a  4-inch 
evaporating  dish.  15  cc.  of  nitric  acid  (sp.  gr.  1.2)  and  2  cc.  of 
concentrated  hydrochloric  acid  are  added  and  mixed,  and  the 
dish  covered  with  a  glass. 

Solution  takes  place  with  evolution  of  NO^  (hyponitric)  fumes, 
showing  that  the  conditions  favor  oxidation  of  combined  silicon. 
In  a  few  minutes,  when  action  has  nearly  ceased,  about  2  cc.  more 
of  concentrated  hydrochloric  acid  are  added.  This  completes  the 
decomposition  of  all  except  the  very  pure  grades  of  aluminum. 
These  require  warming  with  the  acid  mixture  for  a  time. 

After  the  aluminum  has  dissolved,  20  cc.  of  concentrated  sul- 
phuric acid  are  stirred  in  and  the  mixture  evaporated  quickly,  on 
a  hot  plate,  till  it  gives  oflf  fumes  of  sulphuric  anhydride.  The 
dish  is  removed  before  the  aluminum  sulphate  separates  and 
spirts. 

After  allowing  it  to  cool  for  a  few  minutes,  75  cc.  of  water  and 
10  cc.  of  hydrochloric  acid  are  added  to  the  contents  of  the  dish, 
and  the  whole  well  stirred.  After  boiling  up  for  about  5  minutes, 
filter  off  the  mixture  of  silicon  and  silica  and  wash  with  water, 
next  with  hot  hydrochloric  (30  per  cent.)  acid,  and  finally  with 
water  till  fi*ee  from  acid. 

The  filter  paper  is  then  burned  oflf  and  the  residue  fused  with 
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about  3  gms.  of  sodium  carbonate  or  fusion  mixture.  Cool  the 
crucible  containing  the  fusion  by  placing  it  in  25  cc.  of  water  in  a 
4-inch  evaporating  dish.  Cover  the  dish,  and  add  suflScient  con- 
centrated hydrochloric  acid  to  decompose  the  fusion  ;  when  effer- 
vescense  ceases,  rub,  and  wash  silica  off  from  surfaces  of  crucible 
and  cover,  and  remove  the  latter  from  the  dish. 

Add  15  cc.  concentrated  sulphuric  acid,  and  boil  down  the  mix- 
ture to  sulphuric  fumes,  on  the  hot  plate. 

After  cooling  sufficiently,  add  75  cc.  of  water  and  10  cc.  of  con- 
centrated hydrochloric  acid,  boil  up  and  filter.  Wash  thoroughly 
with  water,  30  per  cent,  hydrochloric  acid,  and  finally  water.  Bum 
off  and  weigh  silica.  As  0.9334  gms.  of  aluminum  were  taken 
for  analysis,  the  weight  of  silica  in  grams  less  the  silica  obtained 
from  the  fiision  mixture  divided  by  .02  equals  per  cent,  of  silicon 
(total).  We  have  many  times  treated  with  HF  silica  thus  obtained 
and  have  always  found  it  pure. 

Our  reasons  for  using  sulphuric  acid  to  dehydrate  the  silica  are 
its  rapid  action  compared  with  evaporation  to  dryness,  and  its 
leaving  the  silica  in  a  form  which  filters  easily.  Evaporation  of 
hj'drochloric  and  nitric  acid  solutions  to  dryness  fails  to  fulfil  these 
requirements. 

DETERMINATION   OF   IRON   AND   COPPER. 

I  gm.  of  aluminum  is  dissolved  in  40  cc.  of  a  mixture  of  33  per 
cent,  concentrated  hydrochloric  acid  with  67  per  cent,  water. 
When  solution  has  been  effected,  boil  up,  dilute  with  warm  water 
to  250  cc.  and  pass  sulphuretted  hydrogen  into  the  solution,  till 
saturated. 

Filter  off  silicon,  sulphide  of  copper,  etc.  The  copper  is  sepa- 
rated from  the  residue  and  determined  by  any  of  the  well-known 
methods.  For  instance,  ha\nng  obtained  the  copper  in  nitric  acid 
solution  from  the  ignited  residue  in  which  the  silica  has  been  ren- 
dered insoluble,  the  latter  solution  can  be  evaporated  to  dr>'ness, 
and  after  ignition  the  residue  of  cupric  oxide  weighed.  The 
copper  may  also  be  determined  by  battery  precipitation  from  a 
dilute  sulphuric  acid  solution. 

The  iron,  in  the  filtrate,  from  the  precipitation  with  H^S,  is  esti- 
mated by  titration  (after  boiling  down  the  solution  to  50  cc.)  by 
means  of  standard  potassium  bichromate.     We  use  stannous  chlo- 
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ridt*  to  rcilucc  tlit*  I'V,CI,  ami  mcrcurii*  diloriik*  t«>  take  tip  the 
small  cxct-ss  of  staiiiKitiN  chloritU'. 

The  iiK'tallio  aluininuin  is  umkiIIv  ohtaimfl  l>v  (lifTi-ri-mx'.  tii  *^\tT 

w  m 

minnitTci.il  \v4irk,  as  \vc  iiiuX  that  otiniiK-rcial  nutal  ni.iiSi-  \  \ 
cluv'trolyMs  4 if  ahiniiua  di'^vilvctl  in  itiiilti-n  AuoriiU'  vilt^.  \i'r\ 
rari'Iy  oMitains  any  vtlid  iiupuritii-s  otlu-r  than  silK'«in.  in'ii  an*! 
copjiiT.  Ill  vnuc  iMsi-s,  wf  li.ivc  !"nuii«l  MMltuin  *»r  (tiitAHHitini  prc- 
MTiit.  whiih  wt:  have  sc|urntt\l  and  dvtcrniinitl  as  in  wcl!  kr.tiwn 
niirthtMls  tii'anaUsis  ftir  tho  alkalies  in  I'ln*  claxs. 

iii:ti:kmi\  \TH»\  m-   \i.t  mini  m 

The  dett-rniination  (if  ahiininnni  in  the  i oinniiTiial  nicta!  f>\ 
«!ifTi-ri'iux*.  Is  only  appritxiniatr.  l'«»r  ni»t  <iiiiy  may  thi-rr  l^:  .i'VjIi 
nu-taU.  liiit  oitiNidiraMr  anintints  ni'  lohidi-d  K-i^^^  pri^^*:it  ti> 
oaiiM-  frrdiiiiius  ri-Hnll^.  .is  well  as  the  ermr-  in  deter min:n^  the 
aniiiunls  nt  silumi.  inpiK-r.  and  iri»n  pre^-nt 

In  all  ini|ii»rt.int  wtirk  we  (liter  mi  tie  the  iH'nx-nt.i^e  t>t  mctallx 
ahiminiini  K^a^  inietruallN  liy  prii-ip:!.iti«in.  with  li\  jaisulphtti.-  «•! 
MM  la.      The  tlitaiN  ol  the  nietlKMl  are  as  lulluws 

I   ^m    ot  auiniinnni   is  dis^iUi-d  in  .iN  ut   2^  ee    IIC!      ,;^  |vr 
ix*nt    strtiiii*  at  mI      .ohI  i\a]Mira!eil  !)•  dr\!.es«       I;  i^  then   retii^ 
stil\ol  111  diliitt-   IK'l  \*\   In  III  111^,  and  is  hltLri-^I  tmm  silua  and 
sil'.iitii       The  ti!tr.ile  is  d:!iiteil.  warniol.  .iin't   viti:r.itiil  wtth  \i< 
CnS   is  hltind  <»lf  and  waslud  with    n,S  water       The  t'r.tratc  :« 
Uiihtl  till  iKe  ti*ini  US    and  inatle  up  tn  2^  •  «t        ^••iv    m|  th:% 
S4ilntit»n  AJv  nrar!\  luntr.ili/vd  with  Nll.uli       Th«ti  ^  iv    tt  s.it 
nrattd  .iinnntiinini  ph^'sphatr  and  t"i\    s^ituiatnl  si«i!iiiin  h\]«-s<:! 
phite  are  atMed  aiiil  \hv  siiluti<»n  Imded  till  Uv\-  irurn  S(  >, 

Filtir  .iiiil  \%  .is|i  with   litit  w.itrt       Kiil'.s^i'.\i-  thr   .\*4l*t\  in  di 
liitr  IK'!.  rrpr««  :]'itate  Willi  slt^V.t  txussiii   ainnim-.'.a  anil  a  itttV 
phiisph  i!(   .iml  ^-''.l 

Fiiti  r    \%asli    :^ii:!r   i!i   |*iriv!.rn    and  wn^h   as  .\ll*t  \  is»nta!ii 
iiu:   -'.'    ;'    ^«  r  ti  !i'     iviTir'jv.it: 

Ti :  \n:'  M    \s:'  MiK'  '\i:!  M    m  i  ••%  s 

T:!.i!:"Uiii  .ifid  I  i::ft::'.:;r.    ijv   .I'.-lid  t<>  .ilnniMUin:  t«  k'-Ne  ?i  ir»l 
lu-ss  .i!i,l  rts:;:t!».v  ".I  •)u    !:•.»!  il       C**.T"!nMn:i  k:\is  "l-.i-  Us!  rrsii'!% 
{••r  hardness  tn  tastin>;s       Ti'.aiit'.:i:i  :n:}«.irts  i:-.4-rr  tmi^hnrss  jtitl 
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resilience,  and  is  added  when  the  metal  is  to  be  worked  after  being 
cast. 

DETERMINATION  OF  CHROMIUM  IN   CHROMIUM- 
ALUMINUM  ALLOY. 

2  g^s.  of  chromium-aluminum  alloy  are  treated  in  a  5-inch 
porcelain  dish,  with  about  50  cc.  of  10  per  cent.  KOH  solution. 
When  action  has  slackened,  the  solution  is  boiled  up,  and  finally 
filtered.  The  washed  residue  contains  the  chromium,  together 
with  some  silicon,  silica,  iron,  aluminum  hydrate  and  titanium,  if 
present. 

Bum  off  the  filter  paper  in  a  porcelain  crucible ;  transfer  the 
residue  to  a  large  platinum  crucible,  and  treat  with  i  cc.  concen- 
trated H,SO^  +  5  cc.  HF.  Evaporate  to  SO,  fumes  ;  add  4  gms. 
bisulphate  of  potassium  ;  cover  the  crucible  and  fuse,  for  about  20 
minutes,  at  a  low  temperature.  Finally  heat  to  a  high  tempera- 
ture over  the  blast-lamp,  to  expel  nearly  all  the  free  acid.  Cool 
a  little,  and  add  sufficient  Na,CO,  to  make  alkaline ;  also  a  little 
KNOj,  and  fuse. 

Dissolve  in  hot  water  and  filter.  Filtrate  contains  all  the  chro- 
mium as  chromate,  together  with  some  alkali  aluminate  and  sili- 
cate. 

Decompose  the  latter  by  warming  the  solution  with  NH^Cl, 
and  filter. 

Reduce  the  chromium  in  the  filtrate,  by  sodium  sulphite  or  sul- 
phurous acid,  and  precipitate  the  chromium  as  hydroxide  by 
means  of  ammonia,  as  usual. 

Re-dissolve  the  Cr,HgOg  in  HCl ;  dilute  and  re-precipitate  with 
ammonia,  to  free  from  alkali,  taking  the  usual  precautions  as  to 
washing  free  from  chlorides  in  each  case. 

Weigh  as  Cr,0,. 

If  the  intermediate  fusion  with  bisulphate  is  omitted,  some 
chromium  will  not  be  oxidized. 

METHOD  OF  ANALYSES   OF  TITANIUM-ALUMINUM. 

2  gms.  of  the  alloy  in  a  porcelain  evaporating  dish  (5  inches  in 
diameter  and  covered  by  a  watch  glass)  are  dissolved  by  gradual 
addition  of  50  cc.  of  * 'potash  solution"  (100  gms.  KOH  in  one 
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liter  (iistillctl  water).     B«»il  tor  lo  minutes  to  insure ci»in|»lttc  ^»ti: 
tiun.      nilute  with  distilled  water  t<»  aU>ut  125CC.      H«*il  up  a:>! 
filter  as  cjuickly  as  |K>ssiMc.  wa^hinf;  ten  times  with  U»i!in>;  w-ittr 
This  filtration  S4.'parates  the  iri»n  and  titanium  <|uitc  omipIetiS  tr-  ::i 
aluminum.      Hum  «»fr  the  residue  in  a  j»orcelain  cnKih^e      Cr;:*h 
it  in  an  a>;ate  mortar,  and  mix  with  aNuit  H  K"»**-  '  '»>;ms  firxt   thin 
2  Kms.  later'  of  pure  hisulphate  t»f  |nitasHium.      Fuse  \\\  a  th:!i 
walled   platiinim  rnuihle  ot'  aUiul  401.V   capacity.      The  oi\v?  »*; 
the  enuihle  slumld  fit  well. 

I)urin>^  the  fir^t  15  minute*^,  the  rriuMMe  should  Ir*  on  a  pl.i!: 
mini  wire  triangle  over  a  small   llame  *►!'  a   Ihiiis4-n  liurnet       The 
hurner  flame  sJiuiild  U-  proiccteil  Iri»m  drau>;hts  !iy  a  sht^-t  •Ti*n 
chimiieN  .  and  the  ll.imi  at  hr^t  slmuid  just  toueh  the  iTiuiSte  S •! 
toiii       At  intir\ aN  ••!  >  minutes.  remtiM-  ihi- cover.  caril'uH\  ir.vrrt 
it   =\\ith«»ut   loHin^r   the  thup  nt    KllSO^  .  and   plan-  it  «»n   .ii^lnn 
sttiiir  -^urLue       Then  ^:\e  the  iN»nt«.nt'»  a  fftatiUk:  m«ition    h.» •*«!.::»: 
thetTUcih!f  lirt'.r.x   \\\  tlu   toii^:**       At  the  itid  •»!    i^    mitir.'.r>»    !t:*Ti 
up  llu-  r.^hl  t:ll  t);i    l'»\\rr  miu-  !.iurlh  ••!  the  ir\iijS!t    i^  xwK  ?;•■: 
a^it.itr  lri"«ji:rii!i\  a^  U  !.'!e       In  ttii   minutis  more,  turn  ••!!  !!.i::;c 
lull   .iii'l   h<  .it  !  •!    fi\i    r.i::niti'«    \\:tli   s!i.ik!Tiii:       C>"*!.  adtl   2  ^nvs 
nuiir  kn><»,     1:1  I   k:T.i'li:  i'.'.x    ^!:!l^:   l«»  a  h":iiiiv:vi;n»us  lusmti    \*m\ 
dn  ih't  \\\  \X  \"\\^\  ii:'-iu:h  t'l  »t:'.\i-  »'t?  nuu  !i  liiv  N  >, 

l*"'.:r  "'.it  t:.!  *.:'i'.ir  I  tM-^'.-u  :!i!"  .1  w.irmn!  .md  *!r\  platinum  \\\^\\ 
atti  f  thi  I  i'm  .-«'.•»  :t  w:'.!  !'..'t  I'lhtJi  t-'tlu  di-^h  I'latv  it  luijrthcT 
\\:!h  \\\v  iii:.  :^!'  . »!'.«!  .••\tr  ::i  i  .*  •  i\  iHakif  AiM  I  ^' »  v't  *< 
w  il*  r  .  h<  1!  !  •  r..\  K'«p  .1*.  (  •'.«•:: 1 1 -^  C  :,  ah  *•.  /:•  n:  i-';»r:««^- 
ijiitil  .I'.l  *.  *t:*  !i  i::  tr!«  •  '.■»  «l  '■--•■.■. f!  l-*:'.ti  T  riu-x  t.t:^  \\\k-  n^-disi-. 
il  IfcJTUt  ■!!  i:;  I  \'.y  .'v.^  •;!  \\\\\\  \\V  •^:.  -w  It  \y*  ^n-  tt!j'.\  S:<  >  l!" 
i:  .  »:i!  r".  -  .i':\  !".r..    !■     r»     !  :'-    \\\\\\  k  I  IS*  \  .i^;  ii!i 

I  -  .  :  M  \  :  :  ■  \   •  • »     : : :  v  s :  •  m 

.\         ..■'i'^".  ■..-• •■•       ll^*'       ■  *  p         ' I        •''•*  »\ 

.1"     .   '■  1*.  ■.: :  I*. ■     A    •..-.!:'.. •      : '  ,   .  ■■         11  <    .!    •''     .\  '. \    *   ■    '  ■     '.  l:  ^ 

i';  I  ^■-  ".  fc;v  •••.•:•.'   '      ■.:!•:-     '    .•    '      •:        Ai  I  .1  1  ttlr  ^tr    v^j 
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ter  through  double-washed  filters,  and   wash   with   hot   water. 
Ignite  in  porcelain  crucible  over  blast-lamp. 
X^eight  of  TiO,  X  . 60  =  Ti. 

ESTIMATION  OF  IRON. 

In  the  filtrate  from  the  TiOj.  the  Fe  is  oxidized,  precipitated 
by  NH^OH,  filtered  and  washed,  re-dissolved  in  HCl,  and  titrated 
with  bichromate.  Do  not  weigh  the  Fe,0,  and  Al^O,  as  precipi- 
tated. Attempts  to  titrate  the  iron  in  the  sulphate  solution 
occasionally  give  results  which  are  not  accurate. 

ESTIMATION  OF  SILICON   IN  TITANIUM-ALUMINUM   ALLOY. 

Silicon  is  estimated  just  as  usual,  except  that  we  use  a  little 
more  HCl  (20  cc.)  in  re-dissolving  after  evaporation  with  H^SO^. 
Under  these  conditions,  no  TiO,  remains  with  the  silica,  although 
it  is  best  to  test  it,  always,  with  HF  and  H,SO^. 


A  RAPID  DIALYZER. 

By  C.  H-  Linbbaroer. 

The  rapidity  of  dialysis  depends  upon  the  extent  of  the  surface 
of  the  dialyzing  membrane  and  the  difference  of  concentration  of 
the*solutions  separated  by  it.  The  two  requisites  of  an  eflScient 
and  rapid  dialyzer  are  then  :  i,  A  dialyzing  membrane  presenting 
as  large  a  surface  as  possible  ;  2,  A  fi-equent  renewal  of  the  outer 
liquid,  so  as  to  keep  the  difference  of  concentration  as  great  as 
possible. 

The  following  apparatus  meets  these  two  requirements  very 
well,  and,  at  the  same  time,  has  the  advantage  of  consisting  of 
parts  that  can  be  found  in  any  laboratory,  no  matter  how  small  its 
equipment  may  be. 

A  funnel  of  any  size  is  fitted  with  a  fUter /oided  in  plaits  made  of 
parchment  paper.  The  paper,  cut  into  a  circle  of  suitable  size,  is 
first  thoroughly  wetted  with  water,  so  as  to  enable  one  to  fold  it 
evenly.  Into  the  stem  of  the  funnel  is  inserted  a  perforated  cork, 
through  which  passes  a  tube.  Over  the  lower  end  of  the  tube  is 
slipped  a  bit  of  rubber  tubing,  which  can  be  closed  with  a  pinch- 
cock.  The  solution  to  be  subjected  to  dialysis  is  put  into  the 
parchment  paper,  and  the  space  between  the  folds  of  the  paper  and 
the  glass  fiuinnel  filled  in  with  water.     The  funnel  is  supported  in 


34 


A    KArn»   niALYZKK. 


the  riii>;  of  a  rctcirt  staiul.  and  thi:  whole  mtI  in  a  warm.  t{ii!c*. 
plaix*.  At  any  tinii:,  when  it  may  \n:  jii«l);cti  (U-!(iral»li-.  by  ••lin- 
ing the  pinch-ciick  the  " cliflrus,ite "  may  lie  drawn  oflf.  and  then 
nrphuxM  by  pure  water.  Thus  the  diflervncv  of  comxntrdti<in 
may  l>e  ke|»l  as  great  as  |>«iv>ih!e. 

The  apparatus  may  lie  m.ide  to  work  automatically  by  a  vcrv 
siniple  ointrivance.  i.  e.,  a  oMistant  stream  of  water  may  lie  {usncd 
through  the  N|>.ux*  lietwi-en  the  parchment  pa|K'r  and  the  tunnel, 
which  carries  oflf  everything  diffuM.**!.  The  funnel  is  lialaiHvd  .*! 
one  end  of  a  ru«le  lulauiv  tHMin.  A  tuU-  o»ndui-tN  a  <»tn'am  ••( 
pure  water  from  a  reM.-rvoir  int«»  the  funnel,  i  e  .  the  '^luux  iRtwnn 
the  funnel  and  the  parchment  ]U|ier.  Thi*^  tulte  pa^^c^  ar«>u:;-! 
under  the  balanix-  lieam  over  an  luilefieudent  HUpiM»rt.  ^>  that  il 
the  Umui  U'  thrown  out  i>f  i^pulibrium  fri>m  the  funiK-I  and  il% 
omteiits  lii^^»niing  t<Hi  heaw  .  it  will  Ik-  pitichol  <\*t^\  and  the  ri*t« 
</f  w.iteT  will  cvasi-       H\  Kttuig  the  pimh  v^^k  dti^ing  the  *lem  of 
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tin*  Ii:?!!!t  ■  rr::j.4'.:5    i    \\\\a    .■;^".    .i   <.•.!»  .11:1  ••!    w  .iTi  r   ••!   .i!i\  *kv*^:^ 
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will  Continue  to  work  indefinitely.  The  results  obtained  with  an 
apparatus  of  this  kind  are  very  satisfactory.  I  am  carrying  out 
some  quantitative  experiments  with  colloid  solutions  of  compounds, 
such  as  molybdic  and  tungstic  acids,  with  a  view  to  ascertain 
exactly  the  relation  of  the  rapidity  of  dialysis  obtained  with  the 
old-fashioned  form  of  dialyzer  and  the  one  described  above. 

Chicago,  III. 


THE  USE  OF  ASBESTOS  IN  FII.TRATION. 

By  W.  p.  Barba. 

In  the  usual  manner  of  determining  manganese  by  Ford*s  admir- 
able method,  a  g^eat  deal  of  time  is  used  up  in  avoiding  the  difficul- 
ties introduced  by  the  silica  present  in  the  steel  or  iron.  The  so- 
lution of  the  drillings  in  HCl,  the  expulsion  of  the  HCl  by  HNO„ 
and  the  tedious  filtration  on  the  pump,  may  all  be  avoided  by  the 
use  of  finely  divided  asbestos  in  HNO,,  as  pointed  out  by  me  in 
the  filtration  of  carbon  sponge  (this  Journal  5,  596). 

The  asbestos  is  best  prepared  by  triturating  in  a  porcelain  mor- 
tar to  moderate  fineness,  washing  with  HNO,,  and  may  be  kept 
suspended  in  strong  HNO,  for  use.  The  method  as  now  practised 
at  Midvale  maj'  readily  be  carried  through  in  forty  minutes,  and 
is  as  follows : 

5  gms.  of  steel  are  dissolved  in  80  cc.  HNO3,  sp.  gr.  1.20  and 
boiled  to  one- half  that  bulk.  75  cc.  of  strong  HNO3  are  then 
added,  and  boiled  for  about  five  minutes  more.  The  usual  portion 
of  KClOj  is  added — about  5  gms. — and  the  solution  boiled  till  pre- 
cipitation is  effected.  The  beaker  is  then  withdrawn  from  the 
plate  and  a  quantity  of  finely  divided  asbestos  in  HNO,  is  added. 
The  solution,  when  sufficiently  cooled,  is  filtered  on  a  tight  asbes- 
tos plug,  washed  twice  with  HNO,,  and  then  with  water  till  all 
acid  is  removed.  The  plug  with  the  precipitate  is  blown  back  into 
the  same  beaker,  ferrous  sulphate  added,  and  the  titration  carried 
out  as  usual. 

It  will  be  found  that  filtration  is  very  much  facilitated  by  the 
presence  of  the  fine  asbestos,  and  that  the  solution  of  the  precip- 
itate in  the  FeSO^  is  almost  instantaneous,  thus  removing  the 
difficulties  of  the  two  most  tedious  operations  of  the  method. 

Laboratory  op  Thb  Midvale  Stbbl  Company. 
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sTAXNors  cni.()Riiu-: 

T"  itvfikl  tlu-  Utliiiii-  atiit  tTotiliK-xitiK-  iiKtlKxl  >>l  K<''tti><»:  t'o'  «'n'l 
rcnotimi  liy  aildiiiK  n  ilrnixiftlK-  -soluliott  l»  ;i  iln>{)>>f  lVrriK-va;):>ii: 
t)f  |Mitussiiini  aftt-r  tMi'li  ;i(Iilittuii  of  liiilir<imalc.  llu-  .iiith<>r  {To 
posts  In  aiM  tn  iIk-  Mi1nti<iii  iif  tlu*  fcTTt-u*  -^ilt.  at  i-iitv.  an  cX(t-.» 
t>r  l>K-hriiiiuU*.  anil  titralv  Kick  with  -laniiini^  rlil»nilt-  Ti>  trrt 
thi-  viut  reaction  lu-  iix*"  a  tlntp  tir  two  of  imlint.-  and  tlu-  >jnir 
nniouiit  of  ^taTch  Mention  itml  claims  tli:it  n|>m  wMtn^  the  ^•lu 
ti<m  i>i  staniion-  t-hIori<Ic.  thv  cxix-^-*  of  Kiihromatf  i*  ilo'Xtili/CLl 
first,  thi-ti  the  i<Kli<lf  of  st.irih.  and  fin.illv  thv  ffTDCchl-iTi.lt-  TV 
(lis;i|i]KMrari(X-  of  the  liUit-  color  of  tin-  u»\uW  of  st arrh  i»  the  iii-l! 
catiim  of  the  eixl  Ti'.ictioii  -houinK  't"'  aniixint  of  Mamiott*  k-hl-> 
riile  luve^-^irv  |o  re>Uiiv  the  lnchrom.ite  1 1»  .icininit  of  the  j-rc* 
cwvof  tliechioniutin  -.ill  llie  h.|nitl . lot's  not  l«-..mp  ci-htlrw.  !->it 
rem.inis  a  hlnt-h  gmu  .oLt,  Iml  if  the  li.ini.l  i-.  Mitliiien'.lv  .Ii:H!r 
the  ili-..i|>|M-.n:in.v  i-f  the  i.-h.k  ..f  st.irvh  o-Iot  is  -hati.  jtkI  ki-: 
ea-ll>  Mill  The  lochii-niite  -.'.titiou  i-  [.nparcl  h\  .li--.l\  :iu'  i 
Km*,  of  Imhroin.ite  «i  \-'\  i"iiin»  in  i  liter  of  water,  thr  »la;if..'i!i 
ehloli-le  ->*nlioii  In  ili.s.>:viii^  ••  Kni*  >-i  jmri-  tin  in  iM.lrm  htor;, 
acid  .111.1  dihilnii;!..  i  lii.t  The  xt.itiii..iis  clil..n.l<  -.■.ii;:..!i -h-.e.:.! 
U-  V(i%  a.  1.1  T'l.M-  ....;i;t-M:i,  o.ti<-.(..nd  aim.-:  cxactlv  t  -x  -i 
«laniioiis.hl..ii,!.   i..hi.>iiv;  i  <>    ■.!  ).:.hrom  i!e 

T..   -tall.l.ii.!i.-.    the  *..:iitl..li-    taki-  a   i;;.  i-ntr.!   v.il.iiiie   ..'  '.hr 
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and  have  an  excess  of  bichromate,  then  titrate  back  with  the 
stannous  chloride.  The  author  suggests  a  piece  of  apparatus  for 
keeping  the  solution  of  stannous  chloride.  The  bottle  A  contains 
the  standard  solution,  which  is  drawn  off  by  the  syphon  D.  The 
tube  E,  ending  just  below  the  stopper,  connects  the  bottles  A  and 
and  B.  B  contains  marble  in  lumps,  and  the  beaker  C  dilute  hy- 
drochloric acid.  When  by  the  action  of  the  syphon  D  a  partial 
vacuum  is  formed  in  A,  the  acid  is  drawn  from  C  through  F  into 
B,  and  the  carbonic  acid  generated  produces  a  pressure  in  A  and 
B,  supplying  the  place  of  the  liquid  drawn  from  A,  and  eventually 
forcing  the  hydrochloric  acid  back  into  C. — Rodol/o  Namias,  Gasz. 
Chim,  Hal.,  1891,  p.  473,  A.  A.  B. 


MIXER  AND  DIVIDER  FOR  ORE  SAMPLES.* 

By  H.  L.  Bridomah. 

This  apparatus  entirely  obviates  the  tedious  and  frequently  in- 
accurate methods  (usually  with  oil  cloth  and  spatula)  now  in  gen- 
eral use,  for  mixing  and  dividing  the  ground  samples  of  ore,  matte, 


*Tbia  appcntui  ma;  be  oblained  of  E.  H.  Sargi 


3H  OKK   SAMri.INc;    MACIIINI- 

sla>;  ami  other  sitnilar  material.  An  t-x]iiTk-iuv  of  si^vvral  m«mth<k 
has  shown  a  very  (Ui'idcd  impn^xenu-nt  in  nix'tiracy.  H|>ctr«l.  ami 
general  o»nvenicmx*  <»vi*r  the  tiUI  way. 

The  o]X'ration  i^  as  foII<»\vs  :  Tlie  >;rouml  material  i<i  intriwhiiX-ti 
into  the  lar^e.  o»vere<i  funnel.  •  mixer.  >  the  tmtlet  Ix-in^  tv< 
cIommI  hy  thumb  or  finj^er.  as  may  In-  mi»st  convenient.  Futin-*. 
ami  contents  are  then  well  shaken  for  a  few  minute^,  ami  tSu-n. 
with  <»|H:neil  mitlet.  iMssc-<l  to  ami  fro  over  the  *<'t  of  tlis'nSu !:::»• 
funnels  icliviiler*  ami  U»ttles  as  shi»wn.  With  \erv  finelv  i:rfu:s«i 
or  very  li^ht  material  the  tlow  may  \nr  a^sisiol  hy  a  slight  sh.ik::*.*: 
or  tapping  with  the  hand.  The  little  skill  necevs^iry  i%  reailih  ai 
«|uire<l. 

The  mixer  will  also  W-  f«mi:tl  very  useful  for  the  prompt  a!:.! 
thtiroii^h  mixing;  «»f  cruciMe  asviy  clMrge**.  ami  all  othrr  \i**rk  «»t 
similar  iharai  ter 

To  test  the  efl'itieiK'v  of  the  mixer,  a  lot  <»f  r*  as>.iv  tons  of  hth 
ur^e.   \  asN.iy  t«)iisiit  *mi«1.i  .nid     4  asviy  ti»n  «•!  .ir^^'N  u.ih  t  ik«  t: 
well  shaki-n.  tlivitlitl  l»v   weight  iiiti»  thfit*  \*»i^  i»f  i'*   axxiv  !i»?".s 
each,   and  iIum-  ch.ir>i;rs  ius<h1   s«.p.irati-!>    in  crucihles      T!:v  n 
snltiii^  Ir.itl  hutt<>ns  wii^hol 


tJRK  SAMPLINC.   MACHINI-  • 

ThiH  m.irhine  i^  .1  iiimht^  ati*in  t.(  tht-  lar^r  m.it!i'nr  uhixh  :^ 
•loiii^  f\tv!'.rnt  uiitk  It*  pirSicuIar  fu  Id  ••!  *iM-ti:'i::r<»*  ».*  !hr  i,'.:,  k 
anil  iA  rt.iin  ^  uttnit:  ilowu  nt  the  miMXil.itm*us  ^x\\.\\\  v.implt-H  it..i;i 
fi\r  |*iUtj«U  !ii  ti\r  lunii'.Tol  |*onnils  III  wei^cht  lh.it  .irt  vs.Ti*t-i!itI\ 
l^'iTifc;  ri-*vi\rd  !'\  .iM  .ih^.iv  iitluv*  It  ui!!  h  iiiillc- .iii\  tiitni^*  t7>*r.i 
tht-  fitiv*!  .i*^i\  pti'p  to  int^hol  matin. il  »il  •>iir  h.il:  itkIi  »»r  m-rv 
in  >•.'!        \\  is  i  \ir\    il(\!<!«d   !:iip7i>\rmeiit   i'MT  a!:\    ••!    ihi-  pTv 

•*-!lt    !T1«!!l"iilN    ••!    'J'.!  iTtt  T!fl^     i»T   i  ll!!:n>J    dtiW!l   With    Vimptl*    *h«iMl 
or    !!!S    vi!:ip'.iT 

.lA.'^.  Y  ,"  '.^^F.i.'.'T^-  The  m4!eT!.i!  i%  Sol  *t!}:iT  *\  han*.  i.r 
•  w  itJi  !.i!^r  !••!*  !T'-::i  J  N-.i:Vi*/.\  %:p;«.r!id  ?'.■.*  ki :  vt-'t^v-  :•:?:••€'. 
'    I-'        !?;•    'l:\r'Irr       I»      ^uMikj    lir<    ^t    :'^  f"!  i!    •!?    'x    !   I'-.il    \'..^k 
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work  or  any  convenient  power.  The  divider  jjive*.  a.s  will  \v  scm 
by  insiKVlion  of  Uie  drawing,  ei^^lit  cuts  to  the  revnlution.  fi»ur 
l)ein>;  delivered  t«i  the  funnel  i.  ;uu!  four  to  the  reix*|>taMe  2  :  that 
is  with  uniform  flow  and  si>ei-«l,  cuttiu);  the  material  in  half  The 
divider  may  easily  run  itni  revnlutions  \k'T  minute.  giviuK  in  that 
time  S(i(>cuts.  a  very  mui'li  (greater  <liHtrihutii>n  and  diviMtm  than 
can  l»e  ^*vurl*^l  in  any  other  way.  The  rt-ji-cteil  sample  |»as*c^ 
down  the  outlet  to  "O  2.*'  Iniih  inti»  suitaMe  vi-NMrls.  The  rr- 
taineil  iH>rti<»n.  should  it  \k'  t<Mi  lar^t^,  may  Ih:  cut  a^ain.  and  a^ain 
until  of  suitable  si/e.  The  o]ieratiim  is  very  aivurate  and  ver\ 
rapid,  ln'inic  aU>ut  as  fast  as  the  material  uill  flow  throu>;h  a  our- 
inch  siMiut. 


TITRATION  OF  ZINC  WITH    IMiTASSHM    ri-RRtKTYA 
NIhK  IN  AN  AMMONIACAL  SoI.lTION 

A  4  \K-T  lent    siiliition  «if  o»|i|ht  <>nlphate  is  pri^Mrn!.  and  « :th 
this  Milutioii  a  strip  i>f  filter  pa]R'r.  Mr\  while  and  siniMith    ^  it:i 
wide.   i<»  niarketl  Ioii){itntliiia!!v  1>\    nu-aiis  nf  .1  h.nr  |iencil.   and 
drill  I  nuiiklv  nver  the  flame      Ct«»^'*  •<vtniiis  ••!  tin*  strip.  oarr!i:y.\ 
kept  111  a  sttipjH-reil  Utttle.  art-  i:m<<1  tor  an   indicator       A  itr<*f«  <<f 
the  prei  ipit.itd!  <mi!ii(!4iii  nt  /im  let  tal!  r.|>>nthe  white  eiitl  «•!  <»iuh 
a  slip.  -•■Ill  lr.i\i!s  t«i  ihr  Mne  ]i.irt.  and  1!  there  i**  an  eXi\^*  i"* 
ferrm  \  .inide    a  rv«l  nr  n^ltli-h  -tnak  wi!!  .ipi^-ar.  ••  1   lo  «•  .-  w   tif 
a  «K-t manual  -ttliitiiin  ••!    terriii-\  .iiriU    iti    i*-*  i>'    *»i  amuit^iiia^al 
wati-r.  (|iiu  k1\   a:;d  ivrT.i!ii!\  -)it«w!!ik:        Ihi-   -tatnlirtl   ^ilutiitn  •! 
leirn*"\aiiiiU-  1^  •»"  a«lM>!rtl  that  I  *i     opiaN  « •  •  ■  »^  fc:m%    /:tir       I'i» 
ta^siiiin  terri^  \  ani<!(  tlMi^  prep.iro!  1^  al  f;r-t  .i!i!ii»Ht  i»«!i»r;ex^.  Init 
MM  111  Turtle  l>»  a  k:"*d  \i-I!«iW.  .ii'.d  a!trr  a  ton^  tinir  iU-]«i^it-  a  «»niall 
<|ii.in(il\  «»!  !•  tt:*  i'\:iK'       It  the  si-'nt:*  11.  }:iiwr\ir    1-  prvMrrwi!  m 
dark  k!.i^-  N>!:'.«-^    .i:.*!  i  to  i  K'n:-    i -iii-*.:\  |«it.i*»h  \n:x  '.iter  is  j«lilct! 

Ii:  lln    ;:i  m  ii-  i  •■:  !v.  i::,;  iTitM-  a*\\\  r.i  .\  t^ux-^'.  .\ ,  •lie  a\itV.i»r  n*c^  l^K* 
t«>!!<>w !!-.»:  1:1* '.v.*'.      -•  ^  •:i:'»    "l  !1m- ••:*     iTi- -l:^^.  '.vol  :!i  h\*lr»*-h*.«* 
ru    .u '.il    .iii'!  •l:!'.:!!-'!  !-   ji-    *»        Al'.if    t:::*'.:^^;    .1   ^  v.Tv!!!'  c.irv?::*!% 
Will;  'Mi!::r  i«!  !?•.>  -  !•■/     r:    •- ■  i>      irv  •■■'.:rnl   :::  .i!:«l   %     *\     are  :•.:!! 
III*.!     Jill"    .1    "^i'.'.  i!l     !?  i*k        I   ■    -^       iir  ::•.-  t:m     ii:'.   ^    '«      < 'I    am!^i»» 


DETERMINATION  OF  SULPHUR.  4 1 

nium  carbonate  solution,  (containing  5  gms.  solid  carbonate,  5 
gms.  sal-ammoniac,  and  10  cc.  ammonia  per  100  cc.  of  the  solu- 
tion) are  added.  After  heating  until  the  dense  precipitate  settles, 
it  is  set  aside  to  cool.  Meanwhile  25  cc.  of  the  original  solution 
are  run  from  the  burette  into  a  beaker  with  10  cc.  ammonia,  and 
the  amount  of  ferrocyanide  is  determined  to  i  cc.  25  cc.  more  of 
the  original  solution  are  then  titrated  accurately.  To  the  ammo- 
niacal  solution  in  the  flask,  which  was  allowed  to  cool,  i  or  2  cc. 
of  a  ten  per  cent,  ammoniacal  sodium  phosphate  solution  are 
added,  and  after  the  manganese  and  magnesia  have  been  filtered 
off,  the  solution  is  titrated.  Manganese  may  be  titrated  by  ferro- 
cyanide, if  no  other  bodies  are  present  which,  are  precipitated  by 
the  same  reagent.  For  this  determination,  a  measured  quantity 
of  a  decinormal  ferrocyanide  solution  is  mixed  with  sal-ammoniac 
and  ammonia,  and  the  faintly  acid  or  neutral  manganous  solution 
is  dropped  into  the  ferrocyanide  until  the  reaction  on  the  slip  of 
copper  sulphate  test-paper  just  ceases  to  appear. — F,  Moldenhauer, 
Chem.  News  64,  iso\  Chem.  Zeit,  andZeit.  anal.  Chem,      A.  h.  w. 


THE  QUANTITATIVE  DETERMINATION  OF 

SULPHUR. 

The  process  which  the  author  describes  renders  it  possible  to 
expel  the  sulphur  from  insoluble  sulphides  as  sulphuretted  hydro- 
gen, when  any  of  the  standard  methods  may  be  applied.  To  ac- 
complish this,  he  mixes  the  sulphide  with  an  excess  of  iron,  then 
heats  the  mixture  in  a  glass  combustion  tube  for  five  to  ten  min- 
utes to  dull  redness  in  a  current  of  dr>'  carbonic  acid,  when  the 
ferrous  sulphide,  thus  formed,  when  cold,  may  be  readily  decom- 
posed by  hydrochloric  acid.  The  iron  used  is  the  ordinary  "ferrura 
reductum,*'  which  is  first  ignited  before  using  in  a  current  of  dry 
hydrogen.  A  blank  determination  is  first  made  of  the  amount  of 
sulphur  contained  in  the  reagents  used,  as  follows  : 

Three  gms.  of  iron  powder  are  put  in  a  porcelain  crucible,  which 
is  supported  upon  a  piece  of  sheet  asbestos,  having  in  the  middle 
a  hole  exactly  fitting  the  crucible.  Heat  is  now  applied  until  the 
crucible  has  been  heated  at  a  dull  redness  for  ten  minutes,  in  a 
current  of  carbon  dioxide ;  when  cold,  still  in  a  current  of  carbon 


42  l>KTKkMINATU)N   oK   SILriUK. 

diuxidc,  ihc  crucible  is  put  into  an  Krlcnnu-yi-r  t1a<«k.  4<*  «.v 
capacity)  having;  a  tw«>-hult^lo>rk.  Thn»u>»h  (mcopi*nin>:.  |ki*"«c-» 
the  fi'As  delivery  tutu.',  provided  uith  a  small  ctindi-u%at:i»n  l>u'/v 
aUive  which  it  is  lient  downwartU  at  an  an>;Ie  ot  15  .mi  that  :t« 
lower  end  rvaches  lielow  the  lMittt»ni  of  the  flank.  ThnniKh  the 
other  hole.  |MN>es  a  tulH.*.  >uriui»untetl  with  a  Klnhe  tunnel  uith  a 
Klass  st«»p-o)ck.  The  lower  en<l  of  the  kKivh  delivery  tul*-  i^  om- 
necteil  with  a  Kipp  hydmKen  apparatus*,  and  a  strong  current  **i 
hydm^en  '\>  passe<l  for  five  minutes,  whtle  the  stt>p-c«vk  nf  the 
funnel  is  K-ft  o|»i-n.  Tlie  >t«»povk  i**  thencli»*<-«l  Then  the  >:a*- 
delivery  luU*  i>  conneeleil  with  a  I-*res**!iiiis  Vnlhard  a!»M>r]»t:i»n 
apparatus.  The  firnt  it\  the  vi-h^-!**  is  fi'.leil  with  ^^  iv  tii  the 
purest  2  \KT  (viit.  h>droKc*!i  ]ti-ri>\tde.  and  10  (.v  ut  Icnunnal  m: 
nuniia.  while  the  M^'otul  iniitain**  i<icv  t»t  amnitdiia  i»t  like  <»trvni;th 
liMici-  lit  dilute  h\«lniihli>ru- ai  id  t  ^  firM  Uii!ed.  are  put  intM  the 
>;1i>1k*  tuniitl,  atitl  >;radt:ally  allKWctl  !•»  enlir  the  t1a<»k  Tlir 
evohititiu  III  >;■»"*  •it  inice  Mtiiiniemx-^.  and  i*  mi  re^julatetl  b\  hea! 
that  llirif  Hi  Imir  iMilthU-^  pa«»%r\i'r\  Hcotnd  thrtiu>:h  the  .d^^fT'^!-.: 
vessi-ls  It)  troiii  I  '  til  .*  )ititir<»  the  t-\t*'.i:liiin  m  (^niiplitttl  uhen 
a  i'urmit  iit  pure  Indro^rii  i^  ]  a<»Mt!  li>r  ha'.I  an  hour  thrnr.^h  the 
>;1«»U-  lUTMul  luU-  The  *<»nti!:l«»  .•:  tlu-  .iVs..r*»t:«i:i  appirati:^  are 
|Miurid  iiitii  a  U  Mk(  r,  i«*\iri«i  w.th  a  \\.i!«  )i  vcli-^^  Uilol  t«-r  eiiU^n 
mtinitt--^  .ici«ltilal«it  with  li\dii<h!i>r:t  a*  :<!  a!itl  e\  j|ii*ratol  !••  t'?\ 
ne^N  iti  a  ]a>;t  t-!.i:ii  t-apsiilc  h'i  iht-  wattr  )*.i*.\\  A  tvu  il?f|>^  •*{ 
ciiiuetitt.itrtl  )i\  d!i«  h*.i>r!>  .in-  .idilid  to  the  i!r\  1:1.10%  \\  hit  !i  !%  :hrii 
dinN4<l\cd  tn  \v*X  w  iter  tr.'.i-rr«l  .itnl  \hv  Hti!pi:r.r  pri\  !p:!  ititl  \i\  the 
hltiate  \iil)i  t'lrMiKi  I  h '.I ir [•'.«.- 

In  ihi-  .ntui!  .i!!.i!\  *:•«.  a  ItttV  ••!    tht-  :!••!:  ;»'\\dir  i^   f;T«»t   p*.a%r*l 
in  tin   drv'i»!:ij-»^jliii?i  *T\it!^»'.*-    '.I'Mii  tlif  NisS«»Vi«>^    tJuri  ^•iiir  !!i.tfr 
imn  |i«>\\dir    wV.vii  tin   \\l:«'*.r  i^  !l^•r•■ll^:■it^  :r::\id  w\}i  a  pla !-.!*.'. :;:i 
'^IMti:!.!       Thv  T*.i;\!'..rt    t^.i-M?!.!  lmt  \\:\)\    ::*:\  ]**-\M[\t   a::t!  :!:c 
«ij*r.i!:"!i  :«.  i"T!i!-.'.   ti-!    i"»  :!i  !?:i    M  ii'.k  i  \;«^  r:i::iTi!        Thi*    r.:r!*.  •{ 
is  app'.'t   i'  !i    t  i    iT^tr  ■  ^ii'.j'i:  -l*^    *itit  !;*•!  !■  ■•.*'.!    !c^h:;^a!  .i!i.i'\  *:•» 
•  'I    ]\fi!io    .i»»  !l:i     *i: ■;!•.•.: I    pfi^?;!      :;    i\«t\    .«•:•.*  v.. i?-.  m    :«»    ^U  ti  r 
niJ!»»l        Ii:  li'.r  iMM    ■:     irMM'i?'-:*    !:..:'.i  !  i".«»    !':.i     ):\   \:'^i:\    .»!^ 
UuW  I  \-  '. VI*;     *  p  4"^  ^1     »!ti  !   !J:i    :«:■-.     1  »'•?'.*. I      i^«*-  ••  !:    •:  m's-^  '.* 
lilt"    .i*\    .ir.itt'i- 'Tx.u  .1*.    -»■"..:'.:■•?;    •*    •»    '.  •  •         /      /"     ;•    ;./' .  (  ^.  -^ 

.\v.» »  64.  -•/"     /•■.»..».•»  24   /.  .•"  \    II    w 


ON  THE  ESTIMATION  OF  SULPHUR.* 

By  George  Craig. 

Evolution  methods,  whereby  the  substance  to  be  determined  is 
first  of  all  eliminated  as  a  gas  from  the  material  under  examina- 
tion, must  always  be  more  satisfactory  than  gravimetric  methods, 
although  no  greater  degree  of  accuracy  is  attained  thereby.  Such, 
for  instance,  is  the  estimation  of  NH,  by  liberation  with  alkali, 
with  subsequent  condensation  and  titration  with  standard  acid. 

Sulphur,  when  it  exists  as  monosulphide,  decomposable  by  HCl, 
is  certainly  best  determined  after  expulsion  as  H,S. 

Pig-iron  and  steel,  even  when  containing  Cu,  yield  all  their  S 
as  H,S  on  treatment  with  HCl,  which,  as  I  proposed  in  1881, 
may  be  completely  oxidized  to  SO,  by  passing  the  gases  through 
ammoniacal  H,0,. 

In  blast-furnace  slags  the  S  exists  wholly  as  CaS,  which,  it 
must  be  borne  in  mind,  readily  oxidizes  when  the  finely  ground 
slag,  especially  fi-om  hematite  iron,  is  kept  for  any  time.  The 
only  correct  method  whereby  it  can  be  estimated,  unless  with  the 
expenditure  of  much  time  and  labor,  is  by  decomposing  the  slag 
with  HCl  and  estimating  the  S  in  the  H^S  evolved.  For  this 
purpose,  I  use  the  apparatus  shown  in  Fig.  i,  which  scarcely 
needs  explanation.  20  gms.  of  finely  ground  slag  is  heated  with 
I  oz.  of  boiled  water,  and  the  air  expelled  from  the  flask  by  a  cur- 
rent of  coal-gas  which  has  been  passed  through  a  mixture  of  KHO 
and  HjOj  in  the  Leibig's  bulbs  shown.  When  boiling  agitate  so 
that  the  slag  is  all  in  suspension,  and  add  HCl  by  means  of  the  3- 
way  stop-cock,  continuing  the  agitation  until  the  slag  is  all 
decomposed,  which  takes  place  in  a  few  seconds ;  boil,  and 
pass  a  current  of  the  purified  coal-gas  through  the  apparatus  with 
the  aid  of  the  aspirator.  The  nitrogen  bulb — containing  100  gms. 
H,0,,  200  gms.  NH^HO — is  preferably  made,  as  in  the  figure,  by 
cutting  the  escape-tube  nearly  at  the  bulb,  widening  the  orifice, 
introducing  some  glass  beads,  and  connecting  with  india  rubber 
tubing  as  shown.  The  contents  of  the  nitrogen  bulb  are  washed 
into  a  small  beaker,  heated  to  boiling,  acidified,  and  the  SO3 
determined  as  BaSO^  as  usual. 

•Chcm.  News  64,  266. 
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It  is  now  more  than  a  year  since  it  occured  to  me  that  compound 
sulphides,  such  as  pyrites,  etc.,  might  be  made  amenable  to  this 
evolution  process  also,  by  the  simple  preliminary  operation  of 
heating  with  zinc  dust,  and  so  reducing  to  the  state  of  monosul- 
phides.  In  a  recent  number  of  the  Chemical  News  there  is  a  trans- 
lation from  the  Berichte  of  an  almost  identical  process ;  *  but  as  re- 
duction with  zinc  is  very  much  simpler,  a  description  of  the  method 
I  employed  may  be  of  interest. 


Fio.  I. 


Pw.  1. 


PlO.   J. 


Ordinary  zinc-dust,  after  passing  through  a  fine  sieve,  is  heated 
to  redness  to  expel  moisture  and  occluded  hydrogen,  and  allowed 
to  cool  out  of  contact  with  air ;  a  tube  of  Bohemian  glass  closed 
at  one  end  suits  admirably  for  this  purpose. 

lo  or  20  gms.  of  the  pyrites  in  fine  powder  are  weighed  into  a 
small  ignition  tube  of  Bohemian  glass  (2  inches  long  by  >4  inch 
diameter),  then  five  times  its  weight  of  zinc-dust  added,  intimately 

♦See  Preceding  Article. 
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mixed  with  a  platinum  wire,  the  surface  leveled  by  tapping  gently, 
and  covered  with  a  layer  of  zinc-dust.  A  stout  glass  rod,  about 
8  inches  long,  has  one  end  flattened  out  into  a  disc  that  enters 
easily  into  the  little  decomposing  tube.  This  is  introduced  until 
the  disc  rests  lightly  on  the  covering  layer  of  zinc-dust,  and  the 
upper  portion  of  the  tube  is  packed  with  asbestos  yam  firmly 
enough  to  enable  the  glass  rod  to  serve  as  a  support  (Fig.  2). 
The  tube  and  contents  is  then  revolved  over  an  argand  flame  until 
thoroughly  heated,  and  then  over  a  Bunsen  flame.  In  a  few  sec- 
onds bright  incadescence  takes  place,  and  after  maintaining  at  a 
red-heat  for  thirty  seconds  longer  it  is  withdrawn  gradually,  revolv- 
ing all  the  while,  and  then  allowed  to  cool. 

^\^len  carried  out  in  this  manner  practically  no  sulphate  is  re- 
duced, but  when  maintained  at  a  red-heat  for  5  to  10  minutes  all 
sulphates  are  reduced.  Apropos  of  sulphates  in  pyrites,  I  have 
not  seen  it  recorded  that  a  considerable  amount  of  pyrites  may  be 
oxidized  while  grinding  the  sample  in  the  agate  mortar ;  in  the 
dark  a  red  glow  follows  the  track  of  the  pestle. 

After  withdrawing  the  support  and  asbestos  packing,  the  tube  is 
dropped  into  a  4-oz.  conical  flask  with  side- tube,  connected  with 
condenser  and  D -tubes,  as  shown  in  Fig.  3.  The  first  D-tube  con- 
tains CaCl,,  and  the  second  is  filled  with  glass  beads  and  contains 
1 00  gms.  of  NaHO  solution  ( 1 000  gms.  NaHO  and  1 500  gms.  water) . 
I  oz.  boiled  water  is  added,  and  a  current  of  purified  coal-gas  passed 
through  the  apparatus.  Heat  is  applied  and  the  HCl  gradually  run 
in  until  decomposed,  contents  boiled,  and  apparatus  washed  out 
with  a  current  of  gas.  I  preferred  to  estimate  the  H^S  by  washing 
out  the  D-tube  (without  removing  stoppers)  into  a  beaker,  adding 
excess  of  FeCl,,  agitating,  acidifying  with  HCl  delivered  at  bottom 
of  liquid  by  means  of  a  pipette,  heating  until  all  FeS  decomposed, 
and  titrating  with  bichromate.  The  ideal  process  would  be  to  ac- 
curately weigh  the  NaHO  solution  and  titrate  after  absorption 
with  acid,  using  an  indicator  neutral  to  NaHS  or  Na^S.  The  ar- 
senic I  found  was  completely  expelled,  so  that  not  a  trace  could 
be  detected  in  the  combined  residues  from  a  number  of  experi- 
ments. 

LuGAR  Iron  Works,  Cumnock,  N.  B., 
November  19,  1891. 
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lUiiisc'ii  and  KirchhtifTciriKiti^tily  <li-ti-nuiiK-«l  the  cIcIk'.ka  «*t  the 
s|10i*tr(»>c*(i|>ie  ti^t  fnr  |Mita*«MUiii  1>y  fX]»l<Khn>;  in  a  «l.irki*r.i%!  7t«*;!} 
n  mixturt'  of  {xita^^Muni  i'hlt>r.iU-  with  milk  *«n);.ir.  anil  i<f»<«<-r\  :;:< 
the  amniint  of  finely  diviiUcl  iiiloritle  whuh  it  \%a<»  ni^vNxir\  !.» 
diflfuM.'  thron^h  the  ^iven  h|i.uv  in  order  to  liriit^  out  nnnii<>t.ik.i*>!\ 
the  s|K.rtriini  of  the  niet.il.  Tlie^-  inviNiij».it«»T'^  were  .iMe  \*>  -^tj'.r 
that  the  prex-niv  of  no  nii»re  than  .  |^  **i  a  nr.r4i>:rani  «»I  the  ]»!.k* 
sinni  s.dt  i>  sutheient  to  )^\\i:  to  the  tianie  the  ili.irai'tin^'.u'  «;<^  ■ 
tnini  «>f  the  element.  H>  similar  methi«U.  the  de*u\u\  «>:  the 
te>tH  f«ir  lithium  ear U mate  and  MKhum  i hi* 'rate  were  ^^hi^wti  !••  V- 
a  th«>ns;inil  tinier  and  three  lhou<^atid  times  a^  dilieate  ri-^|^\':!\r!\ 
rractiealtv.  the  dettetion  i»f  Iitliitnn  and  s^nhum  H|Kvtr( »*»4 «•]>:,.  j'l\ 
is  extrenielv  ea^^x  and  viti^faetMrx.  the  milx  d:lh«tx!ty  luring  tV.i! 
the  extvtdtn^  drlh  .u  >  i>t  the  himIiuih  te-^t  and  the  nhuiuitoti-r.i^^ 
of  MNlium  s.ilt«»  t'ttiti  in. ike  a  dtM*»ii>ii  tlnnhtln!  a<»  to  whether  th.«! 
element  i«»  |»reNenl  eHM.-!ilial!y  in  the  '»nh'»t.inie  r. rider  e\.ti;i!n.it'.--!i 
or  hy  aiviiltitl  With  ]iotaNMum  the  imm-  i^  ilitK-rrnt.  a:iii  «  &;«-t: 
eniv  sh>iw<*  that,  when  the  tiM  i^  to  tie  made  !»•:  \er\  ^m.i'.'.  .ii!i«>i:!i?s 
of  {Nita*^*»ir.m  the  <»iiii]ile  nuthti«t  in\o}i;ue  f<'r  4li-\i '.••{>! ii>:  the  !i;!!::- 
nositx  tit  Iithiiitn  .iinl  -^i^hiini  the  i!:]*]*''!!^!  **'  a  •':::»:-*'  '••«■;•  «•( 
idatinnin  wirv  :!i  tlie  l:i,ti!d  or  *^^\:*\  ^vA^^^Xaxux-  .mil  \\\v  ]  l:ki  *.!:^  **l 
the  Io<i|>  in  the  lluiiMii  tlanu  tailn.  Nt.iv.^  .ih  :t  m'«  U'l^  t>i  i:^  ^i 
^reat  a  |*rii]«<rti«>ii  mI  tin  tii.itt  ri.i!  i«  d:«»]»<  fm-^I  ?«!-Te  thr  hi. it  «•! 
the  tlanu-  itlett^  till  ili*«^n  i.it!«*n  ••!  ti-.i  ni* '..li  whuh  |*;i\T%Us  the 
|tr*"liu  ti'iii  ill  tht-  H{H«*ri:ni 

W'r  l'..l\r  illtli  .iVfTit!  :,.  imjiri  \r   th«     i^'T'dLt'-'-n*  nt   exj-'^nre   *4 
thr  !i^!  s!:'»staiu*   ?'\   !!Mk:t.i;  »m'  fl   n."'«   j«'\\irt*.!*.  t!.k:!u-*  ar.il  *'^\ 
snlr*»!:ii!:!i^  fi.r  tin-  ^i!:»;'.i   '..-;•  :!  t    !:.'.'.. -w     •  ■'.%  •.:   y\.%\  in:m  H-.rr 
tir»»!  ?r«  «-T:;mr!:iU»!.  ^«  !  .:   .1^  Vi-^i'-t!*    !  •  ••i:r    k!i"W '.i  i*.fc:t     ^\    Trii 
elii'!'    :ij  tin-  diM?'. J  !■,.'!!    ■:    a  i:a'\\'*\  s  :  !!  i-  •,::.i!i!::  i!:\r  lUti:::.: 
n.it:«»ll    •'!    !  tli:U!!.        >•:*  Jj    -«  :S     \'\    f   i^'^'.v     l::iU     ^\     w:!:.!.!!^;     !hc 
w:ri   ^■n.rwl:.i!  i "*.'.:■  jin '\    .**••.:!  .i  r« •'.'■<'■.:•  :    "i    -:.'r    ;r« -^"I'lft;  tlic 
o»i'.^  .'.i^-  l.t^'i!'..!?     »:.'!  »;.i!V.iT  'i.;  !'"•    Vi^    i!..l^    ■.  ■:     i  ^w:"!!-'.  1.  i:i 
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die.  The  size  of  the  coils  is  adjustable  without  difl&culty,  so  that 
each  coil  may  be  made  to  hold  almost  exactly  any  appropriate 
amount,  and  to  take  up  this  amount  with  very  little  variation  in 
successive  fillings,  provided  only  that  the  precaution  be  taken  in 
the  process  of  filling  to  plunge  the  coil  while  hot  into  the  liquid, 
and  to  keep  its  axis  incHned  obliquely  to  the  surface  of  the  liquid 
while  withdrawing  it.  How  closely  the  capacity  of  such  coils 
may  be  adjusted,  and  how  uniformly  they  may  be  filled,  is  shown 
in  the  figures  of  the  accompanying  record. 


I. 

n. 

III. 

Cms. 

Cms. 

Cms. 

Weight  of  filled  coU  .   .    . 

0.1996 

0.2780 

0.2794 

<(            (< 

0.1996     0.2780  ,  0.2794 

«i            (< 

0.1996 

0.2780 

0.2794 

i<            t( 

0.1996 

0.2780 

0.2794 

((            (< 

0.1996 

0.2781      0.2794 

**   empty  coil    .   . 

0.1986 

0.2760     0.2764 

**   contents  (mean) 

o.ooio    0.00202  0.0030 

1 

IV. 


Cms. 

0.2844 
0.2845 
0.2844 
0.2845 
0.2844 
0.2804 
0.00404 


VI. 


Cms. 

0.3572 
0.3571 
0.3572 
0.3271 

0.3571 
0.3521  I 
0.005041 


Cms. 

0.3296 
0.3296 
0.3298 
0.3298 
0.3296 
0.3100 
0.01968 


It  is  plain  that  we  have  in  these  coils  simple  means  of  taking 
up  known  amounts  of  material  in  solution  ;  and  by  gentle  heating 
the  liquid  may  be  evaporated  and  the  solid  material  left  thinly  and 
uniformly  spread,  not  easily  detachable,  and  so  in  condition  to  be 
acted  upon  with  effect  when  brought  to  the  flame.  The  evapora- 
tion may  be  conducted  with  little  danger  of  loss  of  material  by 
holding  the  handle  of  the  coil  across  the  flame  with  the  coil  proper 
at  a  safe  distance  outside ;  but  we  have  generally,  and  preferably, 
used  a  hot  radiator  over  which  the  coils  are  exposed,  the  handles 
resting  upon  a  flat  asbestos  ring.  The  burner  which  we  have 
used  in  heating  the  coils  before  the  spectroscope  is  of  the  Muencke 
pattern  and  gives  a  powerftil  flame  3  cm.  wide  at  its  base.  We 
have  generally  adjusted  the  flame  to  a  height  of  20  cm.,  and  have 
introduced  the  coil,  after  thorough  drying,  just  within  the  outer  man- 
tle, on  the  side  next  the  spectroscope,  with  the  axis  transverse  to  the 
slit  of  the  spectroscope  and  the  handle  across  the  body  of  the  flame. 
In  cleaning  the  coils  we  have  found  it  convenient  to  heat  them  in 
the  flame  of  an  Argand  burner  of  the  Fletcher  pattern,  beneath 
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which  is  biinKtl.  in  a  mii.iII  lamp,  aloiliol  o>nt.iintn>:  aU-ut  a 
Iwciiticlh  c»f  its  vohiinc  <)t'cliIornft)nn.  The  |»riwltut'»  ot  ii»m>»i;* 
lion  of  llic  alcohol  and  cir.<»ri»t*i»rni  arc  cMn\i-\ttl  ii»  ihv  intrr.'-r  't 
the  tlanic  aUivc  by  a  >;la>>  tunnel  filtc<l  \>\  a  ci»rk  t»»  thv  \x\\k  •■:  the 
Ar^^and  hunicr.  This  arran^^vnunt  i»t  a|>|>arati:s  );:vi'»  a  lint  c'.-  r 
Icvs  flame  throu>;h  which  h>dr«Khli»ric  acnl  is  \on«»tanll\  diJTuMrii 
in  omditit*!!  tocUan  the  wiri-s  ct»ni|»Vlil\  and  \\it!:«»ut  attenti.'n 
The  sinilroM'«»|<*  which  we  ha\e  employed  :•*  a  wiT.  mailc  sir.fci'.c 
prisni  insirnnunl  prnvitK-*!  with  a  M.\ile.  antl  a  mi»\aS!e  «'>»M.rM::«j 
leleM.Mi|n'  Ml  that  diflerent  iM»rtit»nN  n|  the  *»j<h  tnim  mav  K-  \tcwr*! 
or  cut  i»tl  at  will.  Tlie  sht  |h  .uljiistahle.  l»nt  U*T  me-i-^nriiifc:  it* 
width  We  !ia\e  lut-n  iihlii^ed  t«»  have  levoiiiM*  tt»  the  4le\  :o-  ••: 
ili»sin>;  Jt  ui>i»n  wires  of  kin»un  K***>J^*  *  *tir  wi»rk  has  Kxn  di-nc 
in  the  «»rdinar>  d'.rtiis<*d  h>:ht  oi  il;e  lalN»rator>.  caiv  having  '^-tn 
taken  ti>  cut  «>tT  trmn  the  riHiui  direct  stmliwiht  ftd\  \>\i\  •zx 
til»s<r\  ni>;  It  ha-*  lut-n  «»nr  iiisii.m  li>  shtitd  the  t\e  in  u«<-  as  t>  r:- 
plettl\  as  {tt^sihU-  With  the  Itand  nr  with,  a  dark  han<!keri'l;:rt  and 
ti»  in\rr  the  e\e  nt»t  in  Um-  We  ha\r  touiul  it  dtsiraMt  !••  i:^ 
tlie  s<*ale  «»l  the  in^lriir.utit  :l!um:natol  t«>  thi-  lM\\i->t  d<  fc::iT-  ••{ 
\l<^ihilit\     l«»  anl  thf  i\e  it:  J'taitiik;  tureix   \  :siMt   '.:iu-s 

I'jMiti  1  \|H  r  :i'ji  ntin^;  \\:\\x  l!;i-  a|j».ira!U'*  tit  ■**  f.**^!.  it  w  .»s  i.»v.:i,| 
tli.it  till  !.ii'»:«-t  *«iil  iis*il  w  .I'*  l<si  .it!a|**t«i  t«i  •■ur  pur|»»^-  a::. I 
aiA  tiritiiiki^lx  !!i  .i\\  \\'A  I  \|*r  !!'.!  lits  i:i  i  Ir  -ul'^  »jSm  ::t!\  .i::tl  re 
i«ii<hil  III  tht  t"'.Iti\\  itifc:  .ii\««i:!'.t'»  n»;ls  Ij.-M  tik;  «•!  .i  kjn:  •■!  *%  .*!rr 
liu  .is\ir:t:^  .•  n:i!i  in  d-.iuulir  *  \  I  *  n:  :!-.  '.it^i;!!:  !!:.u!t  .  :  \  ■  ;% 
wite  '■  ;.*  n;i:*.  in  «!.ii:.*'.iT  .»i:.l  w.-i:::  1  ir.  .d-»:::  tl-..rt\  !::::.*. 
Wire  till  ••iM  s  1  nip!.  .M  «l  \\':!li  tins*  *i.:'.s  .n;,l  •':.,  rl.nr.i  a.l'".:*t<^l 
to  a  hi  ?^ 111  *'*.  .•' '  •  n;  \\r  l:.i\e  ^%\:\  .iS'.i  !••  'h'^jt-.-.t  !hf  prt'^*.*r 
•  •!  j-'ta-^-iunj  taki  !;  :n  l!:e  t»  r:r.  «»:  the  ^  lil- r  »:i  :i:  ai»':*.  !::  '.  .»! 
l^ijutd  « "Tit.i:::;!!*:  •  •  •  ^'i  ^ii\  *'\  \]\*  \:\x*.i\  'n  I  *c  *%  J:i :;  !*ie 
Silt  1:  i«!  .1  \\:»!!li  i.t  :*»  I'.ii:.  a*:.'.  »« •!:t. *: !::»:»;  ■  •••  ^  >;!::  :v.  the 
s.ii;;i  \i'.':!:n-  «■:  *.!:.'.  •■.  uJnti  •?•.«  *■!;!  w  is  m!  .' ;  nir.i  w«Vc, 
Th  i!  !n  !'•  •*  IN  v..ti       !  ]•  !  .N%'^:i*i  !..  :1j.   .  >  ■'.  :■:'.'.  •  r>«it:\^s  a  \  nr 

«!!"•. :ij»  t'.x   \  *!* '•     "A  r'-.    I  ^'■.■,  •  ■:        IS  i\\r.\      .•:  \         r.\^    wth   i   *'.! 
I .•        •  •  »♦■••«      .»  .'    ■•    HI"      f  •  •  ? *■  I*  •*i-»   •  •      •■    .     •'  1  *^-  •'   1^   t  •  • 

;'!«..u!::?  /   \)\\\   :!:'.!     .:••'.  •.'■.   :'..*    f  \;^  ?:!':•!:•.  -  ■  !   Mrir-.^*!;    4:1'.    k.r    * 

h<>!) 
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These  detennmations  were  made  with  pure  potassium  chloride 
carefully  prepared  from  the  chlorate,  but  in  practical  analysis  it 
almost  always  happens  that  sodium  is  also  present.  Experiments 
were  therefore  made  to  determine  the  influence  of  varying  amounts 
of  the  latter  upon  the  visibility  of  the  potassium  line.  The  dilu- 
tion of  the  potassium  chloride  was  adjusted  nearly  to  the  last 
limit  of  visibility,  so  that  a  coil-full  of  the  liquid  should  contain 
~  mg.,  or  ^  mg.  of  the  element,  according  as  the  slit  was  0.18 
mm.  or  0.23  mm.  wide;  to  this  solution  were  added  weighed 
amounts  of  pure  sodium  chloride  twice  reprecipitated  and  washed 
by  hydrochloric  acid  ;  and  the  spectroscopic  tests  were  carried  out 
as  before,  the  sodium  line  being  kept  within  the  field  of  view  with 
the  potassium  line. 


eight  of  K 
a  Coil-full. 

eight  of  Na 
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visible 
visible 
visible 
visible 
visible 
very  faint  or  none 

none 

none 

visible 
visible 
visible 
visible 
none 


It  is  obvious  from  these  results  that  a  considerable  amount  of 
sodium  may  be  present  in  the  flame,  when  the  sodium  line  is  in 
full  view  in  the  spectrum,  and  the  slit  adjusted  to  nearly  the  low- 
est limit  of  visibility  of  pure  potassium,  without  interfering  with 
the  appearance  of  the  potassium  line;  but  that  a  quantity  of  sodium 
amounting  to  a  hundred  times  that  of  the  potassium  is  sufficient 
to  entirely  overpower  the  spectrum  of  the  potassium.  The  infer- 
ence is  plain  that  the  proportion  of  sodium  to  potassium  should 
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not  l)c  ptTiniltiMl  to  K-adi  nm  \  i  \\\wu  it  is  tU-^iraMv  t«»  Itv.^  'i:! 
the  full  (li'licacy  of  llu-  sj>tvtrt»M.«»j»ic  Ic^i  wiili  the  Hinl-.iini  \::\\  :n 
the  field  «)f  view.      Wlieii  l»»<»  ^tvaX  a  i»n»ji«irti«»n  «»f  ^-Nhi:::!  :%  *z\"^ 
enl,  its  iiitliieiue  tiiav  In-  nuHleialol  l»v  t1ir<'\%ink;  the  -•^l::::ri  !:i'.r 
otil  of  view,  if  llu-  iii>trunuijl  in  ii*<-  !>•»«•%*  s^.**  \]u-  imv>.ir\  a!'i:*»- 
iiienl ;  <»iher\visi-.  it  isea*»y  loitTivl  a  jMrtial  *kJi  ir.itimii-:' t!:i  '-•I-::tn 
elil«»ritle  from  the  jHilasHiuiii  ililotiile.  Uli»re  I'Tin^iiik;  the  ^»*r.:r..n 
to  tile  te^l.  hy  j»reei|»itatiu^;  with  alo»hi»l       <  hir  exjuruTux  ^h^u^ 
tliat  the  ilelua^>  *»!  tlie  te^t  lor  ]»«itassium  is  ni.t  itu(itirt«i  tiutrr: 
ally  by  stuh   tieatmeiit  t»f  the  ir.ixol  vliloiiilt-       We  ft  fas:,*     :•< 
example,  that  «ii«»7-i  ^ni    i»!   j^tla**:!!!!!  chli»ri»le   ituxn!  u:!h  "k 
^m.  of  pure  Niwlinni  ehlori«le.  cliH«»iil\r«l  in  the  least  at:i<>U!i!  «•!  u  I'.ir 
and  extraitetl  carefiilU  l»v  alHuit  7  tv    i«l  a?is*i*,iite  .il*"h"!   .»:';». .ol 
ill  sii*tx«*sive  jmrtioiis.  w.i-*  «-»  O'lnpleti  !\   retaiiie«l  i!i  ^•'.\it:«»:i  .ir.«! 
srj».ir.ite«l  Inmi  s«mIiiiiu.  that  a  rml  tiill  takiii  fTi»i»  the  •-•l:!;..ri  .*• 
liitetl   to    i^*t  o*    >ia\e   the   sjHetTtiM'i«|«!*    te«»t    t'lr    j*»ta^s:i:!:j    ,*•* 
tiiutU  with  the  sht  at  o  -*;  nun       In  t!;:-*  la^t    .it  least.  t!-.e   !rt  j! 
iiieiit  tlnl  ni>t  (Itnnnish   the  i!i'ie.n'\    «•!  t!ie  test      Utt    .1  cin!  ?ii*.'.  •  ! 
the  ililiiteil  soliitmn  e«>ti!«l  not  ha\e  M>:;:.iitic<l   more  than  :::i: 

(if  ]Mita<«snini,  if  n<tthnik:  liail  li^xti  i«*st  It  wa»  fouiul.  in  hi^r  ::;4n- 
iier.  th.4t.  K\  t.ikiTJ^  |»a:ns  t«'  e\aj»-»:ale  the  alo^hulic  r\tr  1. !  an%l 
til  i!:s^. lUr  th«  ie*>:>!u(  in  a  (!r>>]i  nf  u.iter  ••  tool  gm  of  |ii>t  iss:-.:in 
ori>:i!i.iIl\  ;'ti>*!it  as  tin-  elil<*r:(le  \%:th  ••  %  i^ni.  of  %»».!:itni  *  J;!-  :  tic 
was  ea-^ilx  !'»uii*i  \\\  turtr.n,:  the  »«|is*T\  uijj  liies*.'.*^:  <«••  .is  to 
tut  I 'It  .IS  ii<(:t{<!(  ti  1\  .IS  j«i>s:*.|r  \]\v  «.  ^|:uni  li^ht  wt  wrtr  a*»ic  to 
tleleel  \»*X  is^ium  :ti  i-.m  si:,xiNv:\r  tt  "*t^  « •?  .1  «lr«»|»  •  t  the  l\x\Jk\  ^»Iu 
Ihiti  wlu*h  wa-*  ]\\<  1  ir*;i  i!i*«:ii;h  t««  I.'.!  the  o*:!  I««i:r  t:me^,  mhen 
the  «'iik:'!iil  .iiu--'.:!:!  *•*,  j»«!a^s:n!n  j-te'**  lit  with  ••  ^  ^vx  *•:  s*«i::i::i 
(h!i*r:«le  wa*  ,.•■.1  j^n;  Tins  is  mju^x  ilt-tit  :-•  i!«  te*  tiii»:  niC 
I'l  |>i't.iss:ui:;  1:1  a  *l:i»j-  !  ir^e  ein'li^h  !-•  l/.I  \hi  *i»i!  *nux  \Vc 
Wife  .issUM-l  ».i  !*u  Hit  :i  i*fs*!i. v  •  :  ;-tasN:uni  Iron;  the  ^■l-iini 
*  l; '.••!:•  If  whiili  we  i:m»1  \>\  tile  t4*"t  X):  i\  the  st;:i:lar  extra. !«'ii  of 
I  ^v.\  ••!  the  *a!t  *'\  I'.o'I;*'.  *.«  !t  a  Te^:  liir  w'.;:»*h  \ie!«*.t«'.  !;••  '.:ise  til 
j»i>t.isH:uiii  w  hrti  r  \  *::::*.<  d  sjha  ••  .■....•.:.  i!"  \  |t  :%  j«  rl.  \j>^  wi -rth 
!i'«tiiifc:  !!i  pis^'iij;  •!:  »!  tl:r  i  •.*.'.  •::  ,\  '■  i!i  i  '.i  !••  ;»  »  V  ::j'  1  l*-  \  •  »f 
.1  ^1 'I  «•!'.!%  *ii!!..  ri:!  !■  ►  t:".'.  :!  *■%  *.::.;'n  '  ,:>\:  *.i^  '.!.«  f  •  w*  ..c 
h  ss:*.  |»  Ji.t  :..  tJ:c  il:..;- 

Certain  exi^rinKnts  in  whuh  ti:e  niethi-!  •>!  ria:;.]>ula*.:i'n  whuh 
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we  have  described  was  applied  to  the  determination  of  potassium 
salts  other  than  the  chloride  indicated  that  the  test  is  less  delicate 
in  the  case  of  the  sulphate,  and  rather  more  delicate  in  the  case  of 
the  carbonate.  We  were  able  to  find  the  red  line  of  potassium 
unmistakably,  when  only  —^  of  a  milligram  of  potassium  was  in- 
troduced into  the  flame  in  the  form  of  the  carbonate. 

The  quantitative  determination  of  potassium  by  the  spectroscope 
has  never,  so  far  as  we  know,  been  accomplished  heretofore.  So- 
dium appears  to  have  been  successfully  estimated  by  Champion, 
Pellet  and  Grenier*  by  the  use  of  comparison  flames,  produced  by 
the  aid  of  complex  mechanism,  and  a  ^pectro-photometer  of  origi- 
nal construction.  Lithium  has  been  determined  more  simply, 
Truchotf  having  been  the  first  to  suggest  a  method  of  manipula- 
tion which  was  modified  by  BallmannJ  and  taken  up  later  by 
Bell§  apparently  without  knowledge  of  the  previous  work  on  the 
same  line.  Truchot's  method  consists  in  comparing  the  duration 
and  strength  of  the  spectral  lines  developed  by  exposure  to  the 
Bunsen  flame  of  portions  taken  up  in  a  platinum  loop  from  the 
test-solution  and  standard  solutions  of  different  strengths.  No 
analytical  proofs  of  the  value  of  the  method  were  given  and  accur- 
acy was  not  claimed  beyond  the  recognition  of  differences  of  from 
three  to  four  milligrams  in  a  liter  of  liquid  when  amounts  not  ex- 
ceeding forty  milligrams  per  liter  were  compared.  Ballman  dis- 
cards as  valueless  the  observation  of  the  spectral  line,  advocates 
the  dilution  of  the  test  and  standard  solutions  to  the  absolute  ex- 
tinction of  the  line,  and  employs  hollow  cones,  measuring  2.5  mm. 
by  3.5  mm.,  to  carry  the  liquids  to  the  flame.  Bell  follows  Ball- 
man's  method  of  diluting  the  solutions  to  be  compared  to  a  com- 
mon condition,  but  takes  the  vanishing  point  of  the  line 
instead  of  the  point  of  absolute  invisibility  and  makes  his  loops  of 
platinum  very  small.  Both  Ballman  and  Bell  were  able  to  esti- 
mate thallium  similarly,  but  neither  determined  potassium.  Bell 
declaring  specifically  that  the  method  is  inapplicable  to  the  hand- 
ling of  that  element. 

Our  success  in  determining  potassium  qualitatively  by  the  use 

♦Compt.  Rend.,  Ixxvi,  707. 
fCompt.  Rend.,  Ixxviii,  1022. 
tZeitschr.  fiir  anal.  Chem.,  xiv,  297. 
|Am.  Chem.  Jour.,  vii,  35. 
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of  iMtWiTfiil  flames  and  edits  (if  I.ir^c  ilitiutiMMns  \«a'«  Muh    i«  l«» 
i.*iici>ur.i>;i.'  the*  at  tc  in  I  it  to  :i|>i>Iy  ((uantitativcl\  the  ^uiw  nu-th^ai  •>! 
niani|}u]ntin>;  :  ami  t'roni  ivrtain  prvlinnnary  ox|H:r:nii-!it«  li->*ft.::3|( 
in  this  (linvtitin  \vc  Niutnl  it  luM.  Un  niir  pur|ii>M:  at  Ii-.tst.  !••  u'.I 
hack  u|M)n  Tnichni's  nu-th<Kl  *•!"  omiparin^   \isiliU-  hnc^.   rather 
than  t(i  try  tn  ti\  the  vaniHhin>:  ]M>int  nr  the  ]>iin)t  i>t  e\t]nol:i>!:  '4 
the  s]H.'etraI  hne.      We  ihdM-  a  thhiti«in  «*t'  the  MaiKlard  ^i^i:::'-!! 
whirh  oirreNjMimls  tt»  the  i»reM.-niv  i»t  /^    lu^z   df  imtax^ium  tn  the 
rdil-t'ull,  ami  S4.-t  the  slit  .it  a  wuith  i*t'  n  2\  nun  .  liavin^  t**iin<i  il 
vursl    a(lvaiit.i>:e«inH    tn    \v<irk    uitli   Iiiu-n   |.ir    i>»ni|Mri'Min    hri«:ht 
endn>{h  tn  K*   MsihU-  witliMut    niiu  !i   etlnrt.     Our   rntnle  nt'   pr**- 
eivtllii^  is  td  (lihlte  the   tist  snlulioti   iir.til   tile   line   >:tvi!i   (•>    the 
I»dtassiuni  iiititaineil  in  a  iml  lull  is  nt  tlie  s.une  lir:v:ht:it-^«  as  that 
>;i\i'n  hy  the  s.inif  ((uaiitil>  it\  ihi-  -tantlard  sulutinn       I'ron:  the 
tinal  vnhinu-  ••!  llie  test  S4ihitidti  the  i{ua:il:tv  n!*  {mtas^^tinii  |>reM:;i: 
in   it   Is  ilinvtU    calciiIaMe  .  U*t.  snuv  a!i\    >;:\iii  \<>!iiinr  i»!    the 
ti-si  S4.hitii»ii  at  lis  1*111.1!  «h!utii>ti  ointaiiis  i  x.utX  the  s^inu-  .i::i"i:nt 
dt  fiiitassiuin  as  tlu-  s.niu-  vnluiiu  ••!  ihi  st.nii!  iril  s^iluti.i!!    ui-  ^.  i\c 
dnl\   t'l  niiilttpK  thi-   iiinnU'r  e\|»rissi!ii^  the  \<i!i:me  i!i  »i:*.te  ^^rti- 
tinirlris  III   t!ir  th<*   tr>t  *«i>hi!:'*:i  *\  t!i»-  uii^ht  v.\  j^tU'*    •■!   !l:i   :-» 
tasNiiitii  «(»tit.i!tii  <1  111  »»iu   I  i:!«;i   n!i!:!iu'ir  *'l  thr  st.iv.il.iril  :t:  .r.irr 
III  ••Stain  tlu   wn^h!  iii   vit-i*"    ••■    J»"ta*s:'.ir:i    -n  tJ;i-  uh-'li-  !i-^t  s.  ;■: 
lioii       \Vt   I'T.iiil  it  n»n\r!i!rnt  t«t  f.sf-  MMfil   M.:!'»  a-!".:*tis!   :■.  !*.i- 
s.iiijr  iMJ' u  :!\     .iii'l   t't  1  !f  in.  I;I!    »li\    .i::il   !fc:!r.:v   thiin   **?»«!i-   '/-.c 
sj«  *  trtiM<»|it    ;n   tlu-   nMriiu-r    j«ri  v:i»-.'.*|\   ili^  ::**'«!        Tr^-in    !:k*i   t'» 
tinu-  ihr  rapa.  \\\  ••!  thr  oils  ^h"V.M  **   r»  i!-'.;*t»  '.   •-:  tIm  t!.i   r  ri.il 
iMinji.iTisiiii  trs'.^  >!.i.''.M   **•   mail-    \\:t:i  a  ^tiu;\    »•■■:'.        It  •*  ***#:: 
tia!  tl;al  thtt\i-  •■:  \\.v  ii*-^  rvrr  sh.  •■.:'■!  *^'  ki  j-t   i-  lu-.ir'.x   a*  ;••*%-. 
I'll-  111  !h*    *a:!it  •  ••r-.!«!iti!i  .■•  -*«  !!».:•■  \  i  ••«  >s    i:\.\  ••:  •*  i-  vi!::i    •■  *:•.:  ti 
i!i  i!iik:i:k;  t^u  o«!n;- i?:k.  ,i;^    .1:1  I   '••  .1     ••:::;•'.!*?:  tl::*  r:j,J    ui-  ;.    .v.  J 
It  **•«•  til]'..'.!  tV.f  i\i     I?  !:u   •»*'^r\   T'.^"  !t'.iN^''j^    I  !•.:!:!:»;  tV.r  r:.!:rr 
iiiti:\.iN  **t\\n!i  !!:f  «  \;*"sv.ri^.  !  •  s}*  ..'.i-  ::  i  ir»  !•.:*' \    *  n  tl:i-  V.  ir:  I 
i»!  ntht  ?  \\  l"^      ••»  •  •  »\  •  '  ".  V.r  1  \  *    f.'-r   -tj  !:m-     '.•  ■  .  v  !  •  !?    .i!'.  •!:Tr\t  »■:!". 
Ii^ht  !r»'!:i  *)u'  w-.rk  !  ;*  ".«      '.)-,   \\t:^.\  'J'«    ■'.  •?'.:^'.  !:»;:.•  •-!  !*;r  r  •  !•:  :% 
l;..!  II-  -, »  •  .  V.  I*  !•        »•!!'.»:*:!•!:•- "Vi;- 1!   ^    •    *.    »*i    •  '  !^  *    sj«x  ••«• 
H.  iij»    ■  .  : Jj,    !  ii!i!t  ^t    •*.»«••  ^     •.  ^  '•:'■•%    ••!      •  .1  :   '  •  I.\  t  \  ,  •*%    :Vc 
••"•:•.:.#•.  :••.  w*:!i?:    *.':  %    ',i*:r    ;*    !  ■    ^«-    *.  !.:»;!  \         It  :s  •::•.»*  •t.r;!     '.  •« 
that  tht>  trials  i.;   the  tr^t  .iii«l  s!.i*t  L  iril   s)i,iti!.l   .< •!::(-  as  %ltf«4l\   ti> 
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gether  as  possible  in  point  of  time.  The  observations  of  a  series 
should  be  made  by  the  same  individual,  the  preparation  and  ex- 
posure of  the  wires  being  made  by  another.  It  is  not  possible  to 
attain  the  best  results  in  such  work  single  handed.  The  dilution 
of  the  test  solution  is  made  conveniently,  and  with  sufficient  ac- 
curacy, in  loo  cc.  cylinders  graduated  to  half  cubic  centimeters, 
the  mixture  being  made  thorough  by  passing  the  solutions  from 
vessel  to  vessel.  It  is  often  advantageous  to  divide  a  liquid  which 
is  to  be  diluted  and  to  work  with  aliquot  portions,  so  that  it  may  be 
possible  to  retrace  a  step  without  trouble  in  case  a  portion  of  the 
solution  has  been  unwittingly  diluted  too  much  ;  such  a  mode  of 
proceeding  is,  of  course  necessary  when  the  final  dilution  must 
exceed  loocc.,  unless  large  graduates  are  called  into  use.  Ex- 
cepting the  cases  of  very  concentrated  solutions,  no  significant  loss 
of  material  is  occasioned  by  the  filling  of  the  coils,  the  error  thus 
introduced  being  trivial  in  comparison  with  that  inherent  in  all 
photometric  processes.  The  following  is  the  record  of  our  exper- 
ience in  the  comparison  of  solutions  of  pure  potassium  chloride, 
the  strength  of  the  test  solution  being  unknown  to  the  observer. 


Experiment  I, 


Volume  of 
Tc«t  Solution. 


Characteristic  of  Line 

Compared 

with  Standard. 


20  cc. 

stronger 

50    '* 

stronger 

100    •* 

stronger 

no    " 

stronger 

120    " 

stronger 

150    '^ 

like 

200    " 

weaker 

160    " 

weaker 

150    " 

like 

Experiment  II. 


Volume  of 
Test  Solution. 


Characteristic  of  Line 

Compared 

with  Standard. 


30  cc. 

stronger 

60  •• 

stronger 

82  •• 

weaker 

70  " 

stronger 

76  •• 

stronger 

78  " 

stronger 

80  " 

like 

(150  X  o.oooi  =  0.0150) 

Potassium  found  ....  0.0150  gm. 

"         taken  ....  0.0150 

Limits  on  either  side  <  q  qJ^^ 

Error 0.0000   " 


It 


•  ( 


^80  X  0.0001  =  0.0080) 
Potassium  found  ....  0.0080  gm. 
•*  taken  ....  0.0080   •* 

Limits  on  either  side   <  o  0082   " 
Error 0.0000   " 


These  results  show  a  degree  of  accuracy  in  the  process  quite  un- 
expected.    In  the  former  no  attempt  was  made  to  approximate  as 
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clfist'ly  a!%  ixkmIiIo  to  the  liinils  of  diliitiiiii  «»n  lH»tli  '^iiU-^  ft  thr 
ci»n«lition  ol'c-((u:il  t)ri^htiR*-«s  in  U-st  ami  staiulanl,  Init  in  tlic  latur 
f;reat  kwrv  was  taken  in  this  ri*>|KCt  ant!  llic  |*»%.si!ilv  in»tr  c.in:i>*t 
excxitl  two  and  a  half  {kt  ii-nt  of  tlic  enttn*  .un<>nnt  i»f  |>i>tasH>::m 
involved. 

Hx]K.Tinu'nt  III  was  made  \n  dis^^tiver  the  effei-t  of  the  pn-Mrtur 
of  a  reasf>na!de  amount  of  siNlium  I'hloride  nimn  the  t li-tiTmni.it :««! 
of  the  |M)t.iHsinm.  To  a  {Mirtion  of  the  M)!utio!i  t»f  pure  |ii*tavk!i:in 
chloride  r(int.iinin>;  ooi  ^u\.  of  the  etenu-iit,  was  addetl  4»  i  ^m  ^f 
Sfhlium  chloride  taken  fri»in  the  vdl  purified  a^*  previiiu^h  de'M  r\\v*i 
This  M»Iution  u.is  ililuted  and  llie  eiinip.iriHi»n  m.iile  u'th  the 
standard  ai'eortlin)^  tn  the  acitmipanx  ni^  acei>unt 

/:  x^ff.'Mf'tf  III 


\  •  'iirir  ■  f  t^r    Ir  «l   "^  ''iT       f: 


Si    ■■  »trfnjjf-r 

1.".  •    *r 


I  >  .  I     •  •  . !  ■  > 

t.lkl  11  •     ■  ■ 

i.rriir  t  > 

The  n-sult  ••:  tins  t\j^r;nie!il  u.is  r.u^\  ^\\r\*r\^'.r.^  !i»t  :t;'^:i- id 
III  diniiiu^lntik:  !!u  i!i  Is*  .ii'\  *'l  ifu-  te^i  ««■  i;t:i!  \)\.\\  •\\v  pTi-Mt^^v  ff 
a  nn^Vr.ili-  .inii>i:!it  nl  ^hIimui  *  h'.«»r:di-  trT'.«N  !..  ::!*rr.iM-  the  Vi'.'. 
l.iiKt-  m!  thr  J»'!  issMim  line  The  '^-l:iirv.  i5:liir:'!e  ri!:p!'i\ci!  u  i*  i 
p.iT!  I'l  lh.it  pTrp»!t'!  .i!i  I  tt^tid  I*  p:r\  :i*«.i«»!\  tl^■^•r:l*•^!  av.!  r.M-tl 
in  !!u  I  \|n:imrii!*  !SJ»'!i  !^e  <i:M*4:t.i!t\t-  li !«  rtii'.n.itt.'Ti  *i!  |«»t.iH«:!ir:i 
U\    tiii  |»i'^'»;*-!l:!\    i«  •.:'.il  t!:r     ■  I   ^VA    •-!    i!  t.ikf!!  IM  thr    r\]H?Mli(nt 

h.i\i-  i«»nt.ii!io!  ::;-  It     :l;  i:: i   |»?:;    •!   •*«»Vin^v,:i:j        It    :^  r\  . 

ilfi:!.  lh*?i;-ifr  !!i.it  !?  r  *::!'.:.iM  v  •:  \)\v  ;-  !  i^^v.itv.  \\*\v  ij.i  !h"»1 
tU(!it\  j^ !  iv:!  :ti  s'.ri-!!^*^:  *i\  \\w  :;:?!'.:i  r-.^v  i-:  ^•!  •.::::  »':■."••  i!c 
.it!ii*UM!iTi^'  111  'tu  ttiiu-*  thf  Wt  v'h!  «•?   tl'.r  ;••!  i**:v.:'.:  pM '**-•?!  \*  Ix-n 
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the  eflFect  due  to  impurity  of  the  salt  could  by  no  means  exceed  a 
hundreth  of  one  per  cent. ;  that  is  to  say,  the  observed  effect  is,  at 
the  very  least,  two  thousand  times  grieater  than  that  which  might 
have  been  conceivably  produced  by  contamination  of  the  sodium 
salt. 

In  the  following  experiment  the  effect  of  varying  amounts  of 
sodium  chloride  upon  the  spectrum  of  the  potassium  is  shown. 
The  sodium  line  was  turned  out  of  the  field  of  view  to  obviate  the 
dazzling  effect  of  the  sodium  light,  and  a  solution  of  potassium 
chloride  containing  o.oi  gm.  of  the  element  in  loo  cc.  was  exam- 
ined spectroscopically  after  the  addition  of  successively  increasing 
amounts  of  sodium  chloride,  the  strength  of  the  line  observed  being 
brought  into  comparison  with  that  produced  by  similar  portions  of 
the  potassium  solution  containing  no  sodium. 


Sodium  Chlo- 
ride in  a 
Coil-Aill. 

Potassium 

in  a 
Coil-full. 

1 

Ratio  of 
NaCl  :  K. 

1 

Width  of 
Slit.           ' 

'1 

1 

Characteristics 

of  Line 

Compared 

with  Standard 

Containing 

no  NaCl. 

Mg. 

Mg. 

Mm. 

0.002 

0.002 

I  :  I 

0.18 

like 

O.OIO 

0.002 

5  :i 

0.18 

like 

0.020 

0.002 

10  :  I 

0.18 

a  little  stronger 

0.040 

0.002 

20  :  I 

0.23 

much  stronger 

0.200 

0.002 

100  :  I 

0.23 

very  much  stronger 

0.400 

0.002 

200  :  I 

1           0.23 

much  stronger 

0.600 

0.002 

300  :  I 

0.23 

much  stronger 

From  this  it  appears  that  the  maximum  strengthening  effect  oc- 
curs when  the  sodium  chloride  stands  to  the  potassium  in  the  ratio 
of  100  :  I.  The  apparent  diminution  of  brilliance  when  the  sodium 
is  increased  beyond  that  proportion  is  doubtless  due  to  the  effect 
of  the  strong  light  diffused  through  the  field  of  view  by  the 
intensely  bright  sodium  flame  in  spite  of  the  fact  that  the  line  it- 
self is  cut  off  from  direct  vision. 

The  cause  of  the  brightening  effect  of  the  sodium  chloride  we  are 
inclined  to  attribute  to  the  chemical  action  of  the  sodium  disso- 
ciated in  the  flame.     The  effect  of  ammonium  chloride,  and  of  hy- 
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clnK'hlork' acu!.  iii  (lcstn)yiii};  the  |Mit.iNsinin  li^ht  in  wi-!I  k :!••»?: 
and  is  due,  prirsumahly,  in  very  Lirj^c  clcKrvt:  in  the  prevention  «4 
the  dissociation  of  the  |H)tassinni  c!ili»ridc.     The  div««K*tate\l  ^  ■!:iici 
should  naturally  fty  its  mass-action  reint'or^x*  the  di^intev:r  jtin^  a..' 
tion  of  the  heat  u|Min  the  nit»UvuIe  ot'  |«»t.i>sium  chloride 

It  is  phiin  that  the  o implication  intrtnliuxtl  into  the  i|iiantttjt!\c 
sjux'troHi-opic  determinatitin  of  |M>tassiiini  h\  the  prrMrmv  of  the  ^v 
dium  s;ilt  in  the  te^t  can  lie  obviatetl  if  it  can  fie  hrf>u>;ht  a^«*ut 
that  Uitli  the  test  and  thcNtamiard  <iihiti«in  Nhallomtain  the  vi!r.c 
amount  «»f  the  reiKeiit.  It  is  a  matter  of  inleu*st.  thervfi»re.  to  iI*h 
cover  whether  it  i-*  |K»sHi!»k'  to  match  ^Mulium  lines  ••!  coiisidiT.iS> 
intensity  so  clos«.*1v  that  the  «|uantities  of  that  elenK'iit  in  stilutj.tn^ 
hrou);ht  into  o»mpariM»n  shall  tie  pr  act '-call  v  etpial.  and  sii  m^\  V 
reliet!  upon  to  ^ive  the  smie  sirenjithenini:  effect  to  the  |»iit.i*s:-.:m 
s|Kvtriim  Tile  following;  statement  is  the  rev-^ird  \i\  an  atte!::p!  in 
this  dinviion  Tlu*  narrower  slit  was  lomitl  in  In*  )«>t  jiiopto!  !•> 
the  loni^urisiin  o!  tlu*  S4 Minim  Inies 


Nai  r  tn  a  \  •«!••:;    -f       S*i  '.  m  •  i    ..:  •-..■.:     I 


1S«1     ■'  «la!<.  Ur  1 


Mg  Ml  \l*«i 

!■  ■  •■   t  ' '    -J  'IS  «r  «kr* 


1     •: 


:.<  -J  -IS  Mr«krr 


The  ri-^ult  ^hti\*N   the   |*ix%:S:Iit\  ••!    ni.i!c!i::'.^  thr   «««!:i:!*.i    lines 
with  a  dth^n-T-  t»i  .kp*'!.«\:f!M:iiin  <«ut!iv':i :-.!  l«>r  the  piirfk>s<-  ix\  \uiii 
anil,  ais  iir.liti^'.\   .i  lu  m   «t.in>I.i!tS  ^.*.>i!i>'!i  \«  it  riailr  \  i>:it.ii!i;;*.)i;      •■! 
^ni    «>t  iiii!.is<«iin:i  t  tkm  :n  tlu-  !*?!ii  i>:  t!'.e  ihlnritU-  .ind  •>  i   ^x:i    tif 
saNltiit!!  I  !:*.iiriilt-  iti  I  •    v-\-    .i!i'l  \s:\\\  \\\\>  r.xw   standard   tht-  !<*'.'.••« 
iiiVj   i!ite!in:n.i!i-";H   \*»!r    t:i.i  *.r       Thf   rxj^Timeiit  \* as   |*r!t»ri:icd 
m  t!l!iv  -^t-njes      li?x!    !hr   U<  s.  .'.•.;:■.  >i:  w  .i*   d:'.il!i-d  iin!:'.  :!*  •■.!as 
siuiii  l.ru-  i:i4*.*  J'.t.l  .ij'p'.'X  !!i  itr'N   \\  \\\  :1:  It  ■  !   tii«    *t.i:i'l.iTd      ^rc 
otidlx     vii!:iit:i  I  !'.!"r:>lt    w  i*  .iil  lo!  t  -tlii  •»•  ■'.■.:•.  ■■::  tl:".i* -M'atnl  iiiit:! 
ihr  s«Hltii!:i  l:::f-*  wrrr   *•:■  ••.ii^V.!    t"   H|':.»'.:t\      .i:;!     I.:;  i!'.\      tSir    li-*l 
s«<!uti«in  .!!!•!  till-  %ti:;«li:-i  urfv    »<.»'»  *'*-i;»;ht    :!iSi<  t«>::L|un^>ii 
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Experiment  IV, 


PAmx 

I. 

Part  II. 

Pari 

•  III. 

■ 

• 

u        ja 

• 

• 

u          A         1 

. 

u           J3 

Volume  of 
Test  Solution 

2 

0 

5 

5 

Characteristi 
of  Potassium 
Line  as 
Compared  wit 
Standard. 

NaCl 
in  100  cc.  of 
Test  Solution 

2 

Characteristi 

of  Sodium 

Line  as 

Compared  wit 
Standard. 

Volume  of 
Test  Solution 

Width  of  Slit 

Characteristi 

of  Potassium 

Line  as 

Compared  wii 

Standard. 

cc. 

Mm. 

Gm. 

Mm. 

cc. 

Mm. 

30 

0.23  . 

stronger 

;     O.OI 

0.18 

weaker 

Io8» 

0.23 

weaker 

70 

0.23 

stronger 

0.03 

0.18 

weaker 

108 

0.23 

stronger 

ICX> 

0.23 

weaker 

0.05 

0.18 

weaker 

(  weaker 

0.08 

0.18 

weaker 

109 

0.23 

•  stronger 

0.09 

0.18 

weaker 

Jike 

O.IO 

0.18 

like 

Experimenf  V, 


Part  I. 

Part  II. 

1 

i 

Part  III. 

. 

1 

u          M          1 

1      .     . 

• 

u          M         1 

• 

• 

0    .      J3      '" 

Volume  of 
Test  Solution 

Width  of  Slit 

Characteristi) 

of  Potassium 

Line  as 

Compared  wit 

Standard. 

NaCl 

in  100  cc.  of 

Test  Solution 

0 

•0 

Characteristi 

of  Sodium 

Line  as 

Compared  wit 
Standard. 

Volume  of 
Test  Solution 

0 

Characteristi 

of  Potassinm 

Line  as 

Compared  wit 

Standard. 

cc. 

Mm. 

1 

Gm. 

Mm. 

1 
cc. 

Mm. 

40 

0.23 

Stronger 

0.025 

0.18 

weaker 

160 

0.23 

stronger 

100 

0.23 

stronger 

0.050 

O.I8 

weaker 

180 

1 

0.23 

stronger 

160 

0.23 

weaker 

0.085 

0.18 

weaker 

190 

0.23 

stronger 

O.IOO 

0.18 

weaker 

200 

0.23       stronger 

1 

j  O.IIO 

0.18 

like 

205 

210 

0.23 
0.23 

weaker 
weaker 

/205  X  o.cx)oi  =  0.0205  j  ^g^„  _  ^  ) 

V200  X  0.0001  =  0.0200  J  *^  / 

Potassium  found 0.02025  gm. 

*'  taken 0.02000    '* 

Hrror 0.00025    "    ="  ^-^5  P^^  cent. 


•Originally  present. 

(130  X  o.oooi  =  0.0130  gm.) 

Potassium  found 0,0130  gra. 

"  taken 0.0140    " 

Error 0.0010    *' 


=  7  percent. 
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Experiment  VI, 


Part  I. 

1 

Part 

II. 

1 

• 

Part 

..£...    -  . 

III. 

• 

• 
«4 

istic 
ium 

IS 

with 
rti. 

V«  fl 

• 

istic 
ium 

IS 

with 
rd. 

'S.2 

(H 

.  0 
tio 

Sli 

Characterist 

of  Sodium 

Line  as 

Compared  wi 

Standard. 

:  05 

•9* 

(2 

Volume 
Test  Solu 

"o 

2 

Charactei 

of  Potass 

Line  a 

Compared 

Standa 

NaCl 

in  100  cc 

Test  Solu 

Width  of 

Volume 
Test  Solu 

'S 

** 
2 

Charactei 

of  Potass 

Line  a 

Compared 

Standai 

cc. 

Mm. 

Gm. 

Mm. 

1 
cc. 

Mm. 

40 

0.23 

stronger 

0.045* 

0.18 

weaker 

i     no 

0.23 

stronger 

80 

0.23 

stronger 

0.082 

0.18 

like 

1     120 

0.23 

stronger 

100 

0.23 

stronger 

1 

!      ^30 

0.23 

like 

IIO 

0.23 

like 

1 

1 

Part  I. 


Experiment  VII, 


^•2 

*>  s 

«M 

9(^ 

0 

J3 

** 

0"ftJ 

•0 

>2 

•mm 

cc. 

Mm. 

30 

0.23 

90 

0.23 

TOO 

0.23 

•m  "        T      • 

«  o*S 


a 


So     o 


stronger 
stronger 
r  weaker 
\like 


I 


05 
•  ^^ 


Gm. 

0.05t 
0.07 
0.09 
O.IO 


Part  II. 


II 


Part  in. 


Mm. 

0.18 
0.80 
8.01 
0.18 


weaker 

weaker 

weaker 

Hike 

-j  stinger 

i  Ist'nger 


100 
120 

130 
140 


0.23  stronger 
0.23  I  stronger 
0.23  I  stronger 
0.23  j  (  stronger 
i  \  weaker 


SECOND. 


cc. 

120 
140 

150 
160 


Mm.   I 

0.23  !    stronger 
0.23  i    stronger 
02. 'I  J  stronger 
'^•^^  \  weaker 
0.23  I    weaker 


*The  test  solution  havinc:  been  acidentally  over-diluted,  its  strength  was  increased  by 
the  addition  of  o.ooio  gm.  of  potassium,  and  this  amount  was  addea  in  the  computation 
below  to  that  originally  in  the  test  solution. 

(109  X  o.oooi  —  0.0109  gm.) 

Pota.Hsium  found 0.0109  g^m. 

"  taken o.oiio    " 

Error 0.0001    "    =0.9  per  cent 

fOriginally  present. 
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First.  Second. 

(140  X  o.oooi  =  0.0140)  (150  X  o.oooi  —  0.0150) 

Potassium  found  .   .    0.0180  gm.  0.0150 

*•  taken  .   .    0.0150   **  0.0150 

Error o.ooio    "  =  7  per  cent 0.0000 

From  these  results  it  is  plain  that  the  sodium  in  test  and  stand- 
ard may  be  matched  closely  enough  to  allow  a  fair  approximation 
to  be  made  in  the  determination  of  the  potassium.  In  Experi- 
ments IV,  V  and  VI,  no  readjustment  of  the  percentage  of  sodium 
in  the  final  dilution,  subsequent  to  the  matching  of  the  sodium  lines, 
was  attempted ;  in  Experiment  VII  this  point  was  looked  to,  so 
that  in  this  determination  the  strength  of  the  sodium  was  kept 
equal  to  that  found  in  the  matching  process.  In  experiments  IV 
and  VII,  the  matching  of  the  sodium  in  the  test  solution  against 
that  in  the  standard  proved  to  have  been  exact ;  in  V,  an  excess 
of  10  per  cent  was  added,  and  in  VI,  the  point  of  equality  was 
thought  to  have  been  reached  while  there  was  still  a  deficiency  of 
25  per  cent,  in  the  sodium  chloride  of  the  test  solution. 

The  error  in  the  determination  of  the  potassium  in  Experiment 
VI  may,  perhaps,  be  accounted  for  by  the  mistake  in  matching  the 
sodium ;  that  of  the  first  attempt  in  Experiment  VII,  we  are  dis- 
posed to  attribute  to  lack  of  care  in  keeping  the  eye  of  the  obser- 
ver in  the  most  sensitive  condition,  and  of  attention  to  the  point 
of  bringing  the  wires  to  the  plane  in  quick  succession.  The 
largest  absolute  error  met  with  amounted  to  one  milligram  in  a 
total  of  fifteen.  Though  not  accurate  to  the  last  degree  when 
large  amounts  of  potassium  are  to  be  estimated,  the  method,  we 
think,  offers  some  advantage  without  too  great  sacrifice  of  exact- 
ness in  the  determination  of  small  amounts.  In  qualitative  work 
the  mode  of  manipulating  described  is  exceedingly  satisfactory. 
Aside  from  the  practical  application  of  the  method,  the  point  which 
has  been  of  greatest  interest  to  us  is  the  development  of  the  fact 
that  the  presence  of  sodium  salts  in  the  flame  is  of  direct  influence 
in  strengthening  the  spectrum  of  potassium. 


NOTES. 

Labeling  Chemical  Glassware. — Prof.  F.  P.  Dunnington,  in  a 
note  under  the  above  caption  (Jour.  Anal,  and  App.  Chem.  5, 
360),  recommends  grinding  a  portion  of  the  surface  of  the  glass  to 
prepare  it  for  receiving  ordinary  pencil  marks.  I  find  this  unnec- 
essary, and  prefer  to  use  the  colored  pencils  especially  made  for 
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Cost  0/  Sulphuric  Add  made  from  Brimstone, 

Four  tons  brimstone,  all  costs  including  freight,  losses 
in  transit,  burning,  etc.;  at  I24  per  ton  (product  is 
18  tons  chamber  acid  daily,  or  18  X  322  r—  6,000 
tons  yearly |  96.00 

Nitrate  soda,  6  per  cent  of  brimstone  used,  or  538  lbs. 

daily,  at  I2.50  per  100  lbs, 13-45 

Labor,  5  men,  all  purposes,  at  |:.25  per  day 6.25 

Coal,  2  tons  daily,  at  I3.00  per  ton 6,00 

Superintendent  and  office  cost 6.00 

On  works  costing  |35,ooo,  at  10  per  cent,  wear  and  tear,  10.00 

Total I137.70 

Or,  17.65  per  ton  of  chamber  acid. 

Cost  of  Sulphuric  Acid  made  from  Pyrites, 

10  tons  pyrites,  all  costs  as  above,  at  I5  per  ton  (product 

is  18  tons  chamber  acid,  as  above) %  50.00 

Nitrate  soda,  4>^  per  cent,  on  sulphur  contents,  or  say 

400  lbs.  at  |2. 50  per  100  lbs 10.00 

Coal,  2  tons  daily,  at  I3  per  ton 6.00 

Labor,  5  men  for  all  purposes,  at  I1.25  per  day   ....  6.25 

Superintendent  and  office  cost 6.00 

Wear  and  tear,  as  above 10.00 

Total %  88.25 

Or,  $4.90  per  ton  of  chamber  acid. 

This  would  compare  in  a  business  way  for  a  year's  working,  as 
follows : 

Production  of  brimstone  plant  for  one  year  is  6,000  tons 

chamber  acid,  at  cost  of  J7.65 f45,9oo 

Production  of  pyrites  plant  for  one  year  is  6,000  tons 

chamber  acid,  at  cost  of  ^4.90 29,400 

Yearly  difference  in  favor  of  pyrites f  16,500 

Or  about  36  per  cent,  in  favor  of  pyrites. 

Now,  if  we  take  the  life  of  a  works  of  this  class  (in  al>ove  state- 
ment we  have  charged  oflf  ten  per  cent,  yearly  for  depreciation), 
the  differences  in  favor  of  the  pyrites  plant  in  ten  years  would  be 
$165,000.  This  sum,  which  is  over  and  above  the  profits  now 
produced  by  the  use  of  brimstone,  is  sufficient  to  pay  for  the  entire 
works  each  three  years,  or  to  double  the  works  each  two  years  of 
working,  provided  selling  prices  of  the  manufactured  products 
were  not  materially  reduced. 
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T)k*  fact  should  \k'  stron^iy  L*in))h:i>i/i-tl  that  {nritc^  can  ^« 
laid  cinwii  at  the  avi*ra>;t'  \\cirk>  at  prui-s  naiiu'tl  aUiw  !'>ir  j  ti-nu 
cif  yiMP*. 

Als<»  that  pa\iiii'iit>  fi»r  j'>r!ti.«»  U-lmij;  t«»  ,iii«l  tn-mfit  tJ-.i-  •  •  r: 
tiuiiiitv  \Vi'  hvt-  ill,  \vhi*rtM*«  all  calcula turns  Ui<<il  u|Min  the  iim-  t< 
k)riiii**t«iiu'  truin  t«iri*i);n  ]^*xX^  aw  H»lijiA-t  ti»  \\u\v  tliu':tiati*»n«   ••■* 
sililt*  st«)p]MKi-  ill'  NiipiilK-N  III  ra«<-  III   war.  and  |u\nunt<«  Ut  l\\c 
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The  figures  already  given  as  to  costs  of  manufacture  of  adds 
and  acid  phosphates  must  be  sufficiently  convincing  as  to  the 
profitable  side  of  the  business,  but  it  requires  one  or  more  repeti- 
tion of  the  statements  made  heretofore  to  illustrate  any  figures 
which  will  bring  the  benefits  of  old  world  working  into  striking 
contrast  with  our  own  methods  of  to-day. 

Suppose  a  case  where  one  of  the  more  prominent  manufacturers 
of  sulphuric  acid,  located  at  present  along  the  seaboard,  were  edu- 
cated in  the  utilization  of  all  the  products  of  such  ores  as  are  found 
in  Virginia,  North  Carolina,  South  Carolina,  Georgia  and  Ala- 
bama, or  the  same  character  of  ores  as  are  worked  in  large  quan- 
tities in  European  metallurgical  establishments. 

The  location  of  a  works  of  this  class  would,  of  course,  be  deter- 
mined by  careful  study  of  transportation  problems,  so  that  the 
carriage  on  raw  materials,  coal,  phosphates,  nitrogen  compounds, 
potash,  etc.,  and  the  transport  of  the  finished  fertilizers,  acid  phos- 
phates, etc.,  would  be  favorable  in  all  respects. 

The  manufacture  of  the  acids  in  a  scheme  of  this  kind  would 
therefore  be  expressed  as  follows  : 

Cost  of  Sulphuric  Acid  Produced  at  the  Mine  Centers, 

10  tons  pyrites,  all  costs  of  roasting,  handling,  and  pre- 
panng  for  the  after  treatment  of  contained  metals, 
at  $1  per  ton $  10.00 

Other  costs,  the  same  as  given  in  former  statement  .    .       38.25 

Total  cost $  48.25 

Or,  on  product  of  16  tons  chamber  acid  is 
J3.02  per  ton. 

A  year's  business  under  such  conditions  would  compare  with 
the  present  methods  as  follows  : 

Production  of  brimstone  plant  for  one  year  is  6,000  tons 

chamber  acid,  at  cost  of  J7. 65 f49.5"o 

Production  of  pj-rites  plant  at  mines,  one  year,  is  5,200 

tons  chamber  acid,  at  cost  of  f  3. 02,  say 15,7<^ 

Difference  is  the  profit  by  use  of  pyrites  in  the  ordinary 

process  of  a  metallurgical  plant 33,800 

Taking  the  utilization  of  the  acid  for  the  manufacture  of  acid 
phosphate  at  the  mines  and  we  have  the  following  result  : 
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Cost  of  Attii  /^A^yi/^kii/r  at  Minr  !  tsatu^n 
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plants  are  constantly  being  erected,  but  it  is  not  so  well  known 
that  the  older  concerns  are  changing  over  their  plants  to  the  use  of 
pyrites,  and  that  such  changes  must  be  more  rapid  from  this  time 
on  as  competition  increases  and  education  in  the  economical  treat- 
ment of  simple  or  complex  ores  becomes  more  general. 

Dr.  Francis  Wyatt  (Eng.  and  Min.  Journal,  1887)  says  *'It  is 
well  to  remember  that  we  are  indebted  for  the  advances  in  all  in- 
dustrial chemistry,  the  simplifying  of  all  essential  processes  which 
have  reduced  the  cost  of  bulk  chemicals,  to  so  few  individuals  that 
they  may  easily  be  reckoned  upon  the  fingers  of  the  two  hands  ; 
and  it  is  a  fact  illustrative  of  the  obstinancy  and  conser\'atism  in- 
separable from  ignorance,  that  those  for  whose  benefit  and  advantage 
these  labors  have  been  chiefly  undertaken,  whose  vested  interests 
would  point  them  out  as  most  likely  to  adopt  successful  improve- 
ments on  old  methods,  in  order  to  increase  their  productions  while 
lessening  their  costs,  have  long  and  sullenly  fought,  and  still  con- 
tinue to  fight,  on  the  side  of  tradition,  routine  and  *rule  of  thimib.'  *' 

This  ought  not  to  be  said  of  us  in  this  coimtry  where  ever>'  in- 
dustry is  substantially  new  ;  where  old  world  prejudices  can  have 
obtained  no  foothold,  and  where  all  industrial  enterprises  are  calling, 
only  upon  trained  management  of  the  best  class,  with  education 
equal  to  the  times  in  which  we  live  and  the  competition  we  are  ex- 
pected to  meet. 

In  closing  it  must  not  be  expected  that  very  close  presenta- 
tion of  details  connected  with  manufacturing  will  be  attempted, 
these  technical  matters  hardly  coming  within  the  scope  of  vSo  gen- 
eral a  presentation  of  the  main  features  of  utilizing  pyrites  ores;  but 
rather  that  the  statements  and  tables  already  given  will  lead  to  the 
further  study  of  subjects  useful  to  each  location,  and  that  later 
references  to  papers  and  some  of  the  more  promising  methods  of 
utilizing  the  products  of  pyrites  ores  may  excite  such  sufficient  in- 
terest in  the  possibilities  of  the  establishment  of  new  industrial 
plants,  as  will  lead  to  the  opening  of  mines,  experimenting,  etc., 
and  before  long  the  erection  of  such  combination  works  as  we  l)e- 
lieve  will  be  generally  profitable. 

We  do  not  expect  that  a  race  of  warriors  can  be  husbandmen  by 
fiat,  or  that  husbandmen  can  become  exjx^ricnced  miners,  metal 
workers  or  chemical  manufacturers  under  the  strain  of  a  feverish 
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If  sulphurous  acid  is  allowed  to  pass  through  a  hot  and  not  too 
acid  solution  of  blue  vitriol,  in  such  a  manner  as  to  keep  the  liquor 
in  violent  ebullition,  it  will  rapidly  change  the  bright  blue  color 
of  the  solution  to  a  dirty  green.  Addition  of  water  to  the  green 
liquid  will  precipitate  copper.  Salt  will  precipitate  sub-chloride  of 
copper.  These  reactions  are  proof  of  the  reduction  of  a  portion  of 
the  sulphate  of  copper  by  the  sulphurous  acid  into  a  sulphate  of 
the  sub-oxide,  which  remains  dissolved  in  the  hot  solution  of  blue 
vitriol.  To  the  presence  of  the  sub-oxide  is  due  the  change  of 
color.  Now,  if  air  be  blown  into  the  dirty  green  solution,  the 
bright  blue  color  is  restored,  the  re-oxidation  of  the  green  sulphate 
into  the  blue  sulphate.  These  reductions  and  oxidations  go  on  in- 
definitely and  practically  simultaneously  in  the  apparatus  devised 
by  the  inventor,  Dr.  Roessler. 

Then  we  have  the  Doetsch  process,  in  use  on  an  extensive  scale 
set  the  Rio  Tinto  mines  in  Spain,  the  essential  points  of  which 
can  be  given  in  a  few  words.  The  raw  ore,  broken  to  a  uniform 
size  of  about  half  an  inch,  is  piled  up  in  heaps  from  10  to  13  feet 
high,  channels  being  left  along  the  bottom  and  vertical  draught  holes 
being  provided  for.  About  2  per  cent,  of  salt  is  then  scattered  over 
the  pile,  the  top  of  which  is  about  45  feet  wide — a  sort  of  basin 
being  formed  30  feet  square — and  solutions,  obtained  after  the  pre- 
cipitation of  the  copper,  subsequently  saturated  with  chlorine,  are 
allowed  to  flow  into  these  basins.  The  solution  acts  upon  the  cop- 
per as  it  trickles  downward  ;  is  gathered  in  gutters,  conducted  to 
tanks,  made  to  flow  through  long  sluices,  where  the  copper  is  pre- 
cipitated with  metallic  iron  from  no  to  120  parts  per  100  parts 
of  precipitate,  which  averages  about  85  per  cent,  copper. 

The  solution,  after  being  substantially  freed  from  copper,  is 
dropped  through  a  coke  tower,  in  which  it  is  met  by  an  ascending 
current  of  chlorine  and  hodrochloric  acid  gas,  thus  renewing  it  as  a 
solvent. 

For  a  description  of  the  very  perfect  method  of  heap-roasting  and 
lixiviating,  practiced  at  the  celebrated  Tharsus  mines,  in  Spain, 
see  the  article  by  John  Heard,  Jr.,  in  Engincerinj;  and  Mining 
Journal  of  August  13,  1887. 

In  Transylvania  considerable  pyrites  ore  containing  gold  and  sil- 
ver is  treated,  although  many  of  the  mines  and  works  have  been 
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ilo>4.tl  wilhiii  a  iVw  vimis  past.  The  Miiillinv;  wi^rks  .it  Z.i'..i::'.':i 
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PYRITES   AS   A   MATERIAL,    ETC.  8 1 

acid  to  extract  the  bulk  of  the  copper  as  sulphate,  which  is  precipi- 
tated with  iron  or  crystallized  as  blue  vitriol,  while  the  residues  re- 
turn again  to  the  smelters. 

The  really  interesting  portion  of  the  work  done  is  the  production 
of  sulphur  by  the  well-known  reaction  between  sulphurous  acid  and 
sulphuretted  hydrogen.  The  sulphuretted  hydrogen  from  the  treat- 
ment of  the  regulus  with  sulphurous  acid  gas  from  the  calcining 
of  the  ores,  are  brought  together  in  wooden  towers  provided  with 
shelves,  over  which  a  solution  of  calcium  chloride  trickles  to  the 
bottom.  If  the  two  gases  act  upon  one  another  in  the  presence  of 
water  only,  the  separated  sulphur  is  obtained  in  a  form  almost  im- 
possible to  collect  either  by  filtering  or  by  deposition.  The  pres- 
ence of  some  salt  in  solution,  however,  has  a  very  marked  and  curi- 
ous action,  causing  the  sulphur  to  be  separated  in  a  form  that  rap- 
idly, and  completely  settles. 

The  sulphur  so  obtained  is  melted  under  water  at  a  pressure  of 
I  ^  atmospheres.  This  process  was  discovered  by  Shaffner  &  Hel- 
big  some  years  ago  and  published  by  them,  but  is  practically  un- 
known in  this  country. 

At  Meggen,  where  Germany's  large  sulphuric  acid  works  are 
established,  a  very  successful  process  for  the  recover>'  of  the  resi- 
due iron  cinder  is  being  worked.  It  is  well  known  that  heating 
the  cinders  to  expel  the  last  remaining  traces  of  sulphur  is  very 
unsatisfactory  by  reason  of  the  many  elements  contained  in  so  small 
quantities ;  chemical  analysis  demonstrating  the  presence  of  sulphur, 
iron,  selenium,  arsenic,  lead,  mercury,  thallium,  etc.,  with  zinc 
sometimes  to  the  extent  of  6  per  cent. 

It  is  the  creation  of  the  sulphates  when  high  heats  are  used 
which  has  long  stood  in  the  way  of  utilization  of  this  residue. 

Soaking  the  refuse  in  water  and  thus  securing  the  iron  salts  is 
an  easy  matter,  but  as  the  products  contain  large  amounts  of  sul- 
phate of  zinc  it  is  of  little  practical  value,  the  separation  of  the  two 
compounds  being  too  expensive.  If,  however,  the  liquid  in  which 
the  refuse  has  been  soaked  is  treated  with  an  equivalent  of  common 
salt  for  every  equivalent  of  sulphuric  acid  it  contains,  the  difiiculty 
is  overcome.  On  cooling  this  liquid,  crystals  of  Glauber's  salt  are 
formed,  sufficient  to  pay  the  expenses  of  working  the  residues. 
The   liquid  also   contains  chloride   of  zinc,  besides  the  sulphates 
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within  40  minutes,  thanks  to  Dr.  Drown,  Messrs.  Emmerton,  Jones, 
and  others,  for  valuable  suggestions  regarding  the  rapid  and  com- 
plete oxidation  with  permanganate  of  potash  and  ultimate  reduction 
of  manganese  dioxide  by  tartaric  acid  now  superseded  by  ferrous 
sulphate,  or,  as  I  prefer,  by  a  few  drops  of  HCl,  sufficient  only  to 
decompose  the  manganese  dioxide  by  boiling,  the  nascent  chlorine 
being  also  beneficial  in  hastening  oxidation.  Much  depends  upon 
the  preparation  of  the  molybdate  reagent.  After  many  experi- 
ments I  find  the  following  proportions  give  excellent  results  : 

Take  100  gms.  molybdenum  trioxide,  to  which  add  150  cc.  water, 
then  into  it  stir  well  100  cc.  concentrated  ammonium  hydroxide,  then 
allow  the  excess  of  free  ammonia  to  evaporate  spontaneously,  and 
lastly  pour  this  solution  into  1500  cc.  of  cold  dilute  nitric  acid 
(i  acid  to  2  water). 

I  have  found  it  very  convenient  to  keep  a  stock  of  carefully  pre- 
pared ** yellow  precipitate*'  for  standardizing  the  alkali,  which  is 
prepared  as  follows :  Wash  the  precipitate  free  from  reagents  with 
3  per  cent,  nitric  acid,  then  redissolve  with  ammonium  hydroxide 
(15  per  cent. ).  Remove  the  filtrate,  and  boil  off  nearly  the  whole  of 
the  free  ammonia,  then  add  nitric  acid  (sp.  gr.  1.20);  precipitate 
will  form  immediately ;  then  evaporate  to  dryness  in  a  porcelain 
dish,  then  over  the  lamp  to  expel  ammonium  nitrate  and  free  nitric 
acid,  which  may  be  distinctly  observ^ed,  resembling  the  white  fumes 
of  sulphuric  acid :  the  point  of  completion  is  noted  by  the  fumes 
ceasing ;  there  is  no  danger  by  over-heating  during  the  fuming. 
Allow  to  cool  off,  and  keep  in  a  stoppered  bottle  for  standardizing. 

Alkali. — Take  6.6  gms.  sodium  hydroxide,  dissolve  and  dilute 
with  water  to  1000  cc. ;  then  i  cc.  corresponds  to  .0002  phosphonis 
(approximately),  but  when  standardizing  by  the  "yellow  precipi- 
tate,** the  approximation  becomes  accurate  by  the  addition  of  a 
little  water. 

Acid. — Take  10  cc.  nitric  acid  (1.42),  and  dilute  to  1000  cc.  Have 
ready  two  burettes  graduated  in  \^  with  a  capacity  of  50  cc.,  and 
proceed  to  make  preliminary  tests,  so  that  i  volume  acid  equals  i 
volume  alkali,  using  phenolphtlialein  as  indicator.  Start  by  know- 
ing the  acid  to  be  the  strongest,  then  one  trial  will  show  their  rela- 
tive values,  and  a  calculation  will  show  the  exact  amount  of  water 
required  to  reduce  the  acid  to  the  same  strength  as  the  alkali, 
volume  for  volume. 
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than  3  per  cent,  excess.  Now  warm  up  to  somewhere  near  the 
boiling  point,  and  add  50  cc.  of  the  molybdate  reagent ;  then 
immediately  shake  up  the  flask  for  several  seconds,  and  place  on 
a  sand  bath  for  5  minutes,  and  proceed  to  filter ;  wash  the  filter  and 
the  precipitate, with  3  per  cent,  nitric  acid,  containing  also  3  percent, 
potassium  nitrate,  wash  till  free  from  iron  and  molybdate  reagent ; 
finally  wash  with  3  per  cent,  nitric  acid  alone,  to  remove  most  of 
the  potassium  nitrate.  Lastly,  dissolve  ** yellow  precipitate'*  with 
dilute  ammonia  (15  per  cent.)  into  a  porcelain  dish,  using  a  few  cc. 
of  hot  water  for  the  finish.  Now  proceed  to  boil  off  the  ex- 
cess of  free  ammonia,  then  remove  from  lamp  and  add  2  cc.  nitric 
acid  (sp.  gr.  1.20),  and  the  reformation  of  the  **  yellow  precipitate*' 
will  be  immediate  and  complete.  Then  evaporate  to  dryness  very 
rapidly,  after  which  raise  the  heat  suflficiently  to  expel  free  nitric 
acid  and  ammonium  nitrate  as  previously  described. 

Pig  Iron, — Employ  varying  amounts,  according  to  the  grade, 
that  is  about  2  gms.  for  Bessemer  and  0.5  gm.  for  common  iron, 
and  dissolve  in  1.135  nitric  acid,  according  to  Drown.  Lastly, 
proceed,  after  filtering  in  the  same  way  as  for  steel,  and  oxidize 
with  permanganate,  as  usual,  but  be  more  careful  to  have  the  solu- 
tion after  neutralizing  perfectly  clear  with  excess  of  nitric  acid. 

Ores, — Dissolve  2  to  4  gms.  with  hydrochloric  acid,  evaporate 
to  dryness,  take  up  with  hydrochloric  acid,  dilute,  and  filter,  then 
evaporate  to  a  syrup,  and  add  concentrated  nitric  acid  to  decompose 
the  free  hydrochloric  acid.  Lastly,  dilute  with  water,  boil  and 
oxidize  with  plenty  of  permanganate  and  proceed  as  with  steel. 

The  time  required  for  determination  of  phosphorus  in  steel  by 
the  various  methods  is  approximately  as  follows  : 

Magnesia  method 4  hours. 

Emmerton ij'2   ** 

Weighing  "yellow  precipitate" 2       *' 

Alkali  method 40  minutes. 

I  do  not  attempt  to  make  any  distinction  as  to  the  merit  of  one 
method  over  another,  but  merely,  as  Mr.  Jones  has  wisely  remarked, 
on  comparative  methods,  that  **the  ultimate  correction  can  only 
result  from  the  product  of  the  experience  of  many  workers, '  *  and 
consequently  I  shall  feel  gratified  if  my  attempts  at  an  **  incidental 
improvement"  may  result  in  a  nearer  approach  to  the  standard 
method. 


NOTE  ON  THE  DETERMINATION  OF  SULPHUR 

IN  SLAGS. 

Bv  Joseph  Torrey. 

In  view  of  Mr.  Craig's  note  in  the  Journal  for  Januar>',  the 
following  results  may  be  of  interest.  They  were  obtained  in 
the  winter  of  1884,  while  experimenting  on  methods  of  deter- 
mining sulphur  under  different  circumstances.  The  method  was 
so  nearly  identical  with  that  described  by  Mr.  Craig,  that  I  will 
simply  give  the  results. 

Sample.  Percentage  of  Sulphur. 

'  0-33 
Black  Slag l^'^^ 

0.33 

^-yS>^^ {0,11 

**^^l^gfrotl»" {aso 

Spiegel  Slag 


The  residue  was  in  all  cases  tested,  but  I  was  unable  to  find 
any  sulphur  therein.  The  samples  were  quite  different,  and  varied 
in  age  from  one  to  three  weeks.  Potassium  permanganate  was 
used  to  absorb  the  evolved  hydrogen  sulphide. 

With  regard  to  the  estimation  of  sulphur  in  pyrites,  I  think 
that  in  some  cases  healing  the  mineral  in  a  stream  of  oxygen  and 
absorbing  the  sulphur  dioxide  in  permanganate  will  give  as  good 
results,  perhaps,  as  the  method  given  by  Mr.  Craig.  The  residue 
in  the  boat  should  always  be  thoroughly  washed  out  with  hot 
water,  and  the  filtered  wash  waters  added  to  the  reduced  perman- 
ganate solution  before  precipitating  with  barium  chloride.  Of 
course,  the  object  of  this  note  is  simply  to  add  a  little  testimony 
to  the  correctness  of  Mr.  Craig's  conclusions. 

I  mav  add  that  I  think  I  have  seen  a  note  somewhere  to  the 
effect  that  the  evolution  of  hydrogen  sulphide  in  slag  sulphur 
detenninations  is  more  complete  if  magnesium  chloride  is  added 
with  the  hydrochloric  acid.  If  I  remember  correctly,  one  or  two 
of  niv  analvses  were  made  in  this  wav,  but  I  cannot  recall  which, 
and  the  figures  give  no  evidence. 

CiiKMiCAi.  Laboratory  of  Harvakp  CoLr.K<;K. 

February  «,  1X92. 


ELECTROLYTIC  SEPARATIONS. 

By  Edgar  P.  Smith  and  D.  L.  Wallace. 

In  a  former  communication*  from  this  laboratory,  it  was  shown 
that  gold  was  completely  precipitated  from  its  double  cj'anide  so- 
lutions by  the  current,  and  further,  that  it  could  be  deposited 
equally  well  from  the  solution  of  sodium  sulphaurate.  When  in 
the  latter  form,  gold  can  be  separated  electrolytically  from  arsenic, 
tungsten,  molybdenum,  etc.f  During  the  past  year,  experiments 
were  instituted  for  the  purpose  of  ascertaining  whether  the  sepa- 
ration of  these  metals  from  gold  could  be  effected  as  well  in  the 
presence  of  an  excess  of  potassium  cyanide.  The  conditions  favor- 
able to  these  separations  are  given  below. 

The  temperature  appears  to  exert  a  marked  effect  upon  the  ra- 
pidity with  which  gold  is  thrown  out  of  solution.  In  those  plati- 
num dishes  which  happened  to  be  near  a  window  during  a  cold 
period,  it  was  noticed  that  the  metal  was  deposited  upon  the  sides 
of  the  dishes  farthest  from  the  window  ;  nor  was  the  precipitation 
in  these  instances  complete.  As  it  seemed  to  be  a  matter  of  in- 
terest and  importance  to  know  to  what  extent  the  deposition  of 
this  particular  metal  was  influenced  by  varying  degrees  of  cold, 
this  subject  is  receiving  special  investigation  in  this  laboratory. 

GOLD   FROM    ARSKNIC. 

Many  trials  were  necessary  before  the  proper  conditions  for  the 
successful  separation  of  these  metals,  in  cyanide  solution,  were 
worked  out.  Large  quantities  of  alkaline  cyanide  retard  the  depo- 
sition of  the  gold,  and  upon  increasing  the  current  in  order  to  pre- 
cipitate the  metal  completely,  arsenic  spots  were  visible  over  the 
entire  surface  of  the  gold. 

I.  To  ID  cc.  auric  chloride  (--  0.1240  gni.  gold)  were  added 
10  cc.  arsenic  solution  (--o.  1000  gm.  of  metal),  0.75  gm.  of  po- 
tassium cyanide,  and  150  cc.  of  water.  A  current  generating  1.8 
cc.  electrolytic  gas  per  minute  was  allowed  to  act  upon  the  solu- 
tion for  fourteen  hours.  The  weight  of  the  precipitated  gold 
equaled  o.  1 248  gm.     It  contained  no  arsenic. 

^American  Chemical  Journal  13,  417. 
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then  added  to  the  gold  double  cyanide.  Whenever  this  was  done, 
it  was  found  that  the  metal  separated  very  slowly  when  the  cur- 
rent acted,  and  in  every  case  the  precipitation  was  incomplete. 
To  remove  this  difficulty,  the  tungstic  acid  was  dissolved  in  a 
definite  volume  of  alkaline  cyanide,  and  in  this  form  brought  into 
the  gold  solution. 

1 .  A  current  liberating  2  cc.  electrolytic  gas  per  minute  acted 
for  a  period  var>'ing  from  14  to  16  hours  upon  the  following  mix- 
ture :  10  cc.  auric  chloride  (=^0.1027  gm.  of  gold),  o.iooo  gm.  of 
tungsten,  0.75  gm.  of  potassium  cyanide,  and  150  cc.  of  water. 
The  precipitated  gold  weighed  0.1020  gm. 

2.  With  a  current  liberating  2.2  cc.  electrolytic  gas  per  minute, 
and  the  following :  0.1277  gm.  of  gold,  0.1200  gm.  of  tungsten, 
0.75  gm.  of  potassium  cyanide,  and  150  cc.  of  water,  the  deposited 
gold  weighed  0.1285  gm. 

3.  With  conditions  similar  to  those  in  2,  and  a  current  that 
liberated  2.4  cc.  electrolytic  gas  per  minute,  the  weight  of  the 
precipitated  gold  equaled  0.1280  gm. 

Two  trials,  in  which  the  acting  current  gave  but  1.6  cc.  of  elec- 
trolytic gas  per  minute,  showed  that  considerable  gold  remained 
unprecipitated.  The  gold  was  dark  yellow  in  color.  The  deposit 
while  rough,  without  lustre,  and  for  the  most  part  adherent, 
showed,  in  spots,  a  tendency  to  sponginess. 

The  experiments  recorded  above  prove  that  the  electrolysis  of 
the  cyanide  solution  may  be  applied  in  the  separation  of  gold  from 
arsenic,  tungsten,  and  molybdenum,  thus  giving  a  second  method 
for  the  separation  of  these  metals  in  the  electrolytic  way.  How- 
ever, the  rapidity  with  which  gold  may  be  deposited  from  an  alka- 
line sulphide  solution,  and  the  wide  range  of  conditions  allowed 
by  this  solution  recommend  its  use  for  the  separation  of  gold  from 
the  metals  under  consideration. 

GOLD   FROM    OSMIUM. 

In  the  separations  that  follow,  the  osmium  was  ap])lied  as  os- 
miamide.  No  difficulties  were  encountered  with  the  conditions  as 
given  below. 

I.  A  current  liberating  2.4  cc.  electrolytic  gas  j^er  minute,  acted 
for  twelve  hours  upon  0.1277  gm.  of  gold  as  chloride,  0.1500  gm. 
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interruption  of  the  current,  if  the  final  traces  of  metal  are  desired, 
and  accuracy  is  sought  in  the  determination. 

SILVER   FROM   OSMIUM. 

1.  A  current,  liberating  1.4  cc.  electrolytic  gas  per  minute,  acted 
through  the  night,  upon  a  mixture  of  0.1090  gm.  of  silver,  0.1500 
gni.  of  osmium,  0.75  gm.  of  potassium  cyanide,  and  150  cc.  of 
water.     The  precipitated  gold  weighed  0.1087  gm. 

2.  This  trial  only  differed  from  i,  in  having  a  current  of  1.8  cc. 
electrolytic  gas  per  minute.  The  weight  of  silver  obtained  was 
0.1096  gm. 

3.  In  this  instance  the  current  was  increased  to  2.4  cc.  electro- 
lytic gas  per  minute,  but  the  other  conditions  remained  as  before. 
The  time  required  for  complete  deposition  of  the  silver  was  seven 
hours.     The  deposited  silver  weighed  0.1088  gm. 

MERCURY   FROM    OSMIUM. 

1.  10  CC.  mercuric  chloride  solution  (=-0.1927  gm.  of  mercury), 
0.1500  gra.  of  osmium,  1.5  gm.  of  potassium  cyanide,  and  150 
cc.  of  water  were  subjected  to  the  influence  of  a  current  of  1.6  cc. 
of  electrolytic  gas  per  minute,  for  sixteen  hours.  The  mercur>' 
deposit  weighed  0.1931  gm. 

2.  10  cc.  mercuric  chloride  solution  (=  0.1927  gm.  of  mercury), 
0.1500  g^.  of  osmium,  1.5  gms.  of  potassium  cyanide,  and  150 
cc.  of  water  were  acted  upon  by  a  current  generating  0.7  cc.  elec- 
trolytic gas  per  minute,  for  a  period  of  sixteen  hours.  The  pre- 
cipitated mercury  weighed  0.1930  gm. 

3.  With  conditions  the  same  as  in  i  and  2,  but  with  a  current 
equal  to  1.9  cc.  electrolytic  gas  per  minute,  the  separated  mercury 
weighed  0.1934  gm. 

In  the  separation  of  gold  from  tungsten,  mention  was  made  of 
the  fact  that  when  the  tungstic  acid  was  dissolved  in  caustic  alkali 
and  this  solution  then  added  to  that  of  the  gold,  that  the  latter 
metal  was  incompletely  precipitated,  although  all  the  other  con- 
ditions were  favorable  to  its  complete  deposition.  This  behavior 
of  the  gold  led  to  the  introduction  of  definite  amounts  of  caustic 
alkali  into  gold  solutions  of  known  .strength  and  containing  known 
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ties  of  caustic  alkali.     Repeated  experiments  were  fruitless,  and 
the  investigation  was  accordingly  abandoned. 

Caustic  alkali  does  not  interfere  with  the  electrolytic  precipita- 
tion of  cadmium  from  solutions  of  its  double  cyanide.  Reference 
to  the  publication  of  Smith  and  Frankel*  will  show  that  they 
did  not  succeed  in  effecting  an  electrolytic  separation  of  cadmium 
from  nickel  in  cyanide  solution.  It  was  thought  that  possibly 
the  introduction  of  caustic  alkali  would  be  efficacious  in  this  in- 
stance. The  results  recorded  below  prove  it  to  have  been  of  ser- 
vice, and  to  have  made  this  separation  sure  and  accurate. 

1.  A  current  liberating  2.2  cc.  electrolytic  gas  per  minute,  acted 
during  the  night  upon  10  cc.  cadmium  sulphate  solution  (-0.1723 
gni.  of  cadmium),  0.1600  gm.  of  nickel,  2  gms.  of  caustic  potash, 
2.5  gms.  of  potassium  cyanide,  and  150  cc.  of  water.  '  The  cad- 
mium deposit  weighed  0.1723  gm. 

2.  Conditions  as  in  i.  The  current  gave  1.4  cc.  electrolytic  gas 
per  minute.     The  precipitated  cadmium  weighed  0.1723  gm. 

3.  Conditions  as  in  i  ;  current,  however,  equal  to  2  cc.  electro- 
lytic gas  per  minute.     The  cadmium  weighed  0.1725  gms. 

In  these  and  other  experiments  the  deposits  were  carefully  ex- 
amined for  nickel,  but  it  was  not  found. 

Experiments  were  also  made  to  deposit  gold  from  its  solution 
in  ammonium  sulphide,  but  all  of  the  results  obtained  were  low. 
The  separation  of  gold  from  tin  in  solutions  of  this  description 
also  failed.  Both  metals  were  present  in  the  metallic  deposits. 
This  occurred  even  on  using  currents  not  yielding  more  than  2  cc. 
of  electrolytic  gas  per  minute. 

It  is  scarcely  necessary  to  mention  here,  that  in  all  cases  in  this 
investigation  the  metal  deposited  was  examined  for  that  metal 
with  which  it  had  been  associated ;  nor  does  it  ap|XMr  essential  to 
detail  the  mode  of  washing  and  drying  the  deposits,  as  these  opera- 
tions have  been  fully  described  in  former  communications  on  this 
subject. 

Chemical  Laiioratory  <\f  thp:  I'm  v.  of  Va  . 
Piiii.ADKMMiiA,  Februar>-  9.  1S92. 
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cipitate  was  dissolved  in  hydrochloric  acid  and  the  excess  of  acid 
expelled  by  evaporation.  This  solution  was  standardized  by  de- 
termining the  manganese  as  pyrophosphate. 


Weight  of  Weight        WeightofMnO 

MnCl]  Solution      of  MnsP«(>7        in  loo  Cms.  Mean. 

Taken.  Pound.  of  Solution. 


(4) 
15) 


Cms. 

9.98 
10.095 


Cms. 

0.1346 
0.1360 


Cms. 

0.6743  \ 
0.6735  ) 


0.6739 


The  solution  of  calcium  chloride  was  prepared  from  calcium 
carbonate  purified  by  repeated  precipitations,  as  carbonate,  by 
means  of  ammonium  carbonate.  It  was  free  from  iron,  alumina 
and  alkalies. 


(6) 
(7) 
(8) 


Weight  of 

CaCl|  Solution 

Taken. 


Cms. 
20.094 
20.18 
20.19 


Weight 
CaO  Found. 


Cms. 

0.1 133 
O.I 136 

O.I  135 


Weight  of 

CaOin  looGms. 

of  Solution. 


Cms. 

0.5638 
0.5632 
0.5630, 


Mean. 


0.5633 


My  experiments  began  with  analysis  of  solutions  containing 
known  quantities  of  the  three  substances.  From  this  they  grew 
and  though  the  order  may  be  the  reverse  of  a  logical  one  it  had 
best  be  followed  in  giving  the  results. 

In  the  first  and  second  series  the  quantities  of  iron  and  calcium 
were  constant,  the  manganese  was  variable.  In  a  third  series, 
containing  only  manganese  and  calcium,  the  proportion.s  of  each 
were  varied. 

The  general  mode  of  operating  was  the  following : 

The  solutions  containing,  in  the  first  and  second  series,  the 
equivalent  of  about  0.2  gms.  of  iron  and  o.  1 7  gnis.  of  calcium  oxide 
and  quantities  of  manganese  oxide  varying  from  0.03  to  0.2  gms. 
were  diluted  to  350-400  cc.  To  secure  the  usual  conditions  of 
analysis,  and  because  ammonium  salts  tend  to  hold  manganese  in 
solution,  10  cc.  of  hydrochloric  acid  were  added.  The  cold  solu- 
tion was  neutralized  with  ammonia  containing  aninionium  carbon- 
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The  manganese  was  weighed  as  pyrophosphate.     The  iron  was 
determined  by  the  standard  solution  of  permanganate. 
The  following  are  the  results  : 


(  9) 
(lo) 

(II) 

(12) 

(13) 


Weight  of    Weight  of    Weight  of    Weight  of    Weight  of   Weight  of 
Fe  Fe  CaO  CaO  MnO  MnO 

Taken.        Found.  Taken.  Found.         Taken.         Found. 


Gms. 

0.2254 
0.2248 
0.2252 
0.2251 
0.2254 

Gms. 

0.2251 
0.2251 
0.2248 
0.2251 
0.2253 

Gms. 

0.1699 
0.1700 
0.1700 
0.1700 
0. 1 702 

Gms. 

0.1690 
0. 1687 
0.1696 
0.1705 
0.1697 

(ims. 

0.0341 
0.0680 
0.1092 
0.1500 
0.2043 

Cms. 
0.0355 
0.0689 
0.1094 
O.I  50 1 
0.2053 

Error  in  Weight  of 


Fe. 


CaO. 


MnO. 


(9) 
(10^ 

(11) 
(12) 

(15) 


Gms. 
0.0003 — 
0.0003 -f 
0.0004 — 
0.0000 
0,0001 — 


Gms. 

0.0009 — 
0.0013 — 
0.0004 — 
0.0005  |- 
0.0005 — 


Gms. 
0.0014  • 
0.0009  ■ 
0.0002  • 
O.OOOI^ 
O.OOIO  - 


Experience  tells  us,  that  in  dealing  with  such  precipitates  as 
those  of  iron  and  manganese,  repeated  precipitation  is  necessary. 
In  analyzing  this  necessity  and  determining  its  limitations  a  series 
of  partial  separations  was  made,  and  the  quantities  of  manganese 
and  calcium  in  each  of  the  several  respective  filtrates  was  deter- 
mined. The  iron,  of  which  about  0.022  gni.  was  added  in  each 
case,  was  undetermined. 

Weight  of  MnO  Found  in 


Weight  of 

Weight  of 

First 

Second 
Filtrate. 

(iHlS. 

Third 

m 

Fe 
Taken. 

MnO 
Taken. 

Filtrate 
From  Fc. 

Fill  rate, 
(^nis. 

Tuial. 
<;nis. 

Hrrur. 

Gms. 

Gras. 

Gms. 

Cms. 

14) 

0.2248 

0.3341 

0.0342 

0.0005 

noiiL- 

0.0347 

o.rxx\s 

1.5  J 

0.2248 

0.0678 

0.0681 

o.(xx)6 

tract' 

0.06.S7 

O.(XX)/) 

16) 

0.2250 

0.1088     1 

0. 1073 

0.0013 

none 

0. 10S6 

o.or3<.)2- 

17) 

0.2252 

0.1500 

0.1477 

0.0024 

none 

0.1501 

0.<.XX)I 

18^ 

0.2253 

0. 2042 

0.2003 

0.0034 

trace 

0.2037 

0.0005- 

yS 


si-:r.\K.\Ti«iN  ill"  ik*iN.  i:tc 


M  ri|;hl  ■  I  i  •!  I   I  ■  'itH'!  in 
I  ir«E  I  r    I  :llrafr 


.  14 

■  IS 

■  |S 


U'riiChI      f 
1  r 

1  IT  at 

Mil 

1  r 

7    <» 

1  ■     - 

Tjkrii 

1  r.l'alr 

1  illr^tr 

1  i:i'«'.r 

1  •m* 

•  .m% 

■  .•ii« 

1  .r.i« 

•  .-Tli 

^  • 

11  I  "■  ■  1 

I 

II        i    »!%       1 

'     •   J\ 

■    >. 

!••**> 

B  ■ 

.1  1  "■ ■ » 

1 

..  i»n. . 

■■  ■•■II 

■  •   ;   ■ 

'*»l 

■  •  r» 

•  1  1  *  1 ' 
1  .     « 

1-  :m  I 

II     1 1"  1 

■  : ; 

■    :•-,'» 

••   & 

■ 

:'i|  ■ 

..     •    '.S 

■  i»« 

:••-! 

1 1  r- 

• «:  ■« 

■     l».|  1 

■    .-;., 

•   -M 

••/' 

t  i   ^ 

III  M'{>.ir.itiii>:  r.ilrnnii  l;i>iii  ni.iiiv:-*!^^'  m   thr  tirst  !:'.!7  i*«    ?r    r: 
irnii  thrvi  {•to  ipil.itiniiN  \«iri    iii.hU        l!i  iin  i..lm-  <ltil  *.hi  *.!:  '  !  r.' 
li.itt  oiiil.iiii  i-iii>ii>:l:  r.ilk  :uni  t«>  show 

I'T'Hii  llir  .iImim'  ,iij.i!\  ^  ^  llu-   luii  *-!!\   «•!   \\\**  {iri«  :••'.!  iV    •.*     :: 
M  {t.ir.itiii).;  iii.iiik^.iiii-H   iri'in  iTmi  .iii«!  %  .i\  :*.:i!i   !7'-i!i   ::«•;:    4:-.  '.  :::  1*. 
)^.in(  M  i«»  I  \  ^li  11*1        M"!i   !':'..iii  tli.il  M\::i^  -^n^*  ::!;;■  ••.•.^ 

III  k:itui.il  llu-  .ii:i"i:;;!  •■:  iii.i*]^.ii;«  m    :■■■.::  I  :n  \\\\  ^4 <••?•.'.  T.'.T?  *'.f 
iTi'iJi  It'll  !•»  J'l'-J-'rlii'!;  .!  :  ■  :!•»  t»«t.il  •i':.ii:!::\         It  tTi'im  ?:'.1%    ;:  .;» 
juiJ"    !p-\\i  M  T.  !li  i'.  :ti  !.i  ■:':  i! •.'::,;  '.Jii    •».'.:!:■  •!:    j:i  5.-4?  i!  ■: »  !      '.  ?  c 
.11 1  *,  i!t    >«  {'.1!  1!'  »:i    •.'::«    iii.ir. .-,  ru  •*•    :-  j  •••■.•■•.  k!«  •'.   i::!  ;•  1?!    il'v  ■  \ 
ili/(ii     :!i  \\\.     "•    I   i^«    :•»■»    :«-.'.::!  :"!i    :^     r^jj'n'.:*  i'»'.i         Tl.i        \    '.^ 
tl-'Jl  !«'  I'l'"'    i'"v     i  :i    :  .!:•  •    !•■    r:-.»      i.  r  ■  :.    •■;    !!;i      i  :    !'::  !•■.    '.  ■     .:.\ 
.»!ti  r  il!ti!  't    ':.«     I  1'  *     ii  :•'.        I".    ■•;•  iJ  .■;:■..;    :'.i. 1 1:>^  i!st -«»«     .i:    .    .   .! 
«  iui:i  '!.•    I  ■  V  ■■'.»!«!:•  *^     :    1  -•  ,;  1    >«  '.     :  .r-    ::  "•^  :r.i .'.   "■     .It ;  •  ■    .      • 
a!:\  !'::•'.»;   \\  1-    •       ■■«    :'.:••  ri  •'.  V     •.    T".-      .'■    .»      .•.4!\-«-»      i^    w    .       r. 


l!it    1;  k!-:: 


It   \s:\:   ' 


«      I       •        "     ■  -   . 


•       >    I 


t  ■  ■ 


:*N 


■  k*  •  •% 


■  •  •     ■  -      w    ! 


t  ..« 


■'.i     f  \ 


I  „ 


':• 


,  I 
■'  ■ . 


•  V 


•  •    •  -     \N    . : :    1  •  •     '.  \   1  •  ■ 


( 


1  . .  1     J  ■   ^  !    ■.  x 


■  ■  1  * 


I  •*' 


•   •  - 
.   i      i 


T'-.- 


i  • 


■  -  #     •   I  ■  ■   •  ■  •, 
...    I  ■ 


.V  1 


•r 


'T- 


! .  r  •      •  •    . 


\  . 


'I"".  • 


•  j ' :  .  •  ■  ?   •  •  ■         ■ «  • 


•■»    r  ^    T       • '  c 


*  .  I  \  T    ■•  V  i  •    1 


I  v.'." 


-  '■  •     > . 


SEPARATION   OF   IRON,    ETC. 


99 


proximately  kept,  5  gms.  of  ammonium  chloride  and  10  gms.  of 
ammonium  acetate  were  added  in  each  case.  Only  the  calcium  of 
the  first  manganese  filtrate  was  determined. 


Weight  of 

MnO 

Taken. 


Weight  of 

CaO 

Taken. 


Weight  of 
CaO  Found  in 
First  Filtrate. 


Loss. 


Gms.        Gms.        Gms.        Gms. 

(19) 0.2042       0.1702       0.1639      0.0063 

(20) 0.1020       0.1705       0.1638      0.0077 

(21) 0.0508       0.1702       0.1662       0.0042 

(22)   0.0207     0.1702     0.1682   i   0.0018 

(23) 0.2039  0.0848  0.0779  0.0069 

(24) 0.1020  0.0849  0.0831  0.0018 

(25) 0.0516  0.0855        lost  .... 

(26) 0.0204  0.0846  0.0833  0.0013 

(27) 0.2037  0.0423  0.0399  0.0024 

(28) 0.1023  0.0427  0.0421  0.0006 

(29) 0.0512  0.0424  0.0415  0.0009 

(30) 0.0203  0.0428  0.0421  0.0007 

(31) '    0.2037  0.017 1  O.0141  0.0030 

(32) 0.1023  0.0173  0.0158  I  0.0015 

(33) 0.0509  0.0170  0.0167  I  0.0003 

(34) 0.0207  0.017 1  0.0162  '  0.0009 

These  results  indicate  that  the  amount  of  calcium,  carried  down 
with  the  manganese,  depends  largely  on  the  relative  quantities  of 
manganese  and  calcium.  However  this  may  l^e,  it  is  evident  that 
where  the  amounts  of  each  are  not  less  than  0.02  gni.  a  double 
precipitation  of  manganese  .should  be  made. 

Having  introduced  such  large  quantities  of  ammonium  salts  into 
the  solutions,  the  question  of  effect  on  the  oxalate  precipitate  was 
raised.  Attention  has  been  called  to  the  nej^ative  calcium  error. 
Is  this  due  simply  to  the  solubility  of  the  oxalate  or  is  it  the  sum 
of  large  positive*  and  larger  negative  errors? 

In  answer  to  this  .suggestion  a  number  of  calcium  determinations 
were  made,  in  which  the  previous  conditions,  as  to  quantity  of 
ammonium  .salts  and  volume  of  solution,  were  observed. 

*The  source  of  positive  error  would  be  the  reagents  aii<l  ulasswari-.  The  i>peration<, 
excepting  the  precipitation  of  manganese  by  bromine,  were  eairicMl  on  in  platinum.  The 
ammonium  hydrate  and  sulphurous  acid  were  freslily  prepared.  The  other  rea}.:enl.*.  were 
carefully  tested 
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Weight  of  Weight  of  t?«*^,. 

CaO  Taken.  CaO  Found.  trror. 


I 


Gms.  (>ms.  Gnis. 

(35) O.II36  i           O.II31  O.CX)05- 

(36) 0.1138  O.I  135    j   0.0003- 

(37) 0.113b  O.I  136  0.0000 

(38^ O.II39  ,     O.II37  0.0002- 

(39) O.I  136  0.1 132  0.0004- 

(40) 0.1138  0-1133  0.0005- 


I 


The  solution  300  cc.  contained  approximately  5  gnis.  of  the 
chloride,  5  gms.  of  the  acetate  and  10  gms.  of  the  bromide  of  am- 
monium. The  hiference  is  that  their  influence  in  restraining  the 
oxalate  precipitation  is  slight. 

Summary' :  In  precipitating  iron  as  basic  acetate  it  is  probably 
better  to  avoid  a  great  excess  of  the  acetate.  A  considerable  ex- 
cess need  not,  however,  interfere  with  the  separation.  While  an 
acetate  solution  favors  the  reduction  of  iron,  with  care  this  reduc- 
tion may  be  avoided.  The  precipitate  should  not  be  digested  too 
vigorously  nor  too  long. 

In  neutralizing  the  solution,  preparatory  to  the  acetate  separa- 
tion, a  slight  precipitate  of  manganese,  due  to  oxidation,  is  almost 
always  formed.  This  influences  more  or  less  markedlv  the  com- 
plcteness  of  a  single  separation.  It  cannot  be  wholly  avoided, 
though  the  eff*ect  of  the  presence  of  annnonium  salts,  in  holding 
manganese  salts  in  solution,  is  probably  beneficial.  While  the 
manganese  remains  in  solution  oxidation  cannot  take  place. 

In  precipitating  manganese  from  an  ammoniacal  solution  by 
means  of  bromine  the  presence  of  acetates  is  desirable.  The  oxi- 
dation is  more  rapid,  hence  more  complete  than  in  a  solution  free 
from  acetates.  Bromine  water  should  be  added  to  the  hot  ammo- 
niacal .solution.  If  the  solution  be  cold  the  oxidation  is  slow  and 
in  the  end  often  incomplete.  The  addition  of  bromine  to  the  solu- 
tion already  made  ammoniacal  seems  preferable  to  a  reversal  of  this 
order  as  it  insures  a  more  uniform  oxidation.  . 

Where  either  the  calcium  or  the  manganese  is  in  excess  of  0.02 
gms.  two  precipitations  are  necessary. 

In  conclusion  it  may  be  said  that,  in  the  hand  of  a  careful  ana- 
lyst, both  methods  are,  according  to  present  standards  accurate. 

CHI-.MICAL   I.AHORATDkY,    TRINITY    COLMCGi:. 

Hartford,  November,  i>h»i. 


INVESTIGATION  OF  MILK  TESTS.* 

COMPARISON   OF   BABCOCK   TEST  WITH   THE   CHURN   AT  THE 
AMERICAN   DAIRY  SHOW  AND   AT  THE   STATION. 

By  E.  H.  Parrington. 

The  milk  given  at  one  milking  at  2.30  p.  m.,  November  i8th, 
by  the  two  Brown  Swiss  cows  tested  at  the  dairy  show  at  Chicago, 
was  taken  for  chuniing.  The  milk  weighed  52  lbs.,  and  by  test 
contained  1.971  lb.  butter  fat.  It  was  run  through  a  *'Baby'* 
hand  separator  No.  2.  Several  samples  of  the  skim-milk  were  taken 
as  it  came  from  the  separator,  which  showed  only  a  trace  of  butter 
fat.  The  cream  weighed  10.25  ^^-''•»  ^^  19.7  per  cent,  of  the  new 
milk.  The  tests  showed  that  the  cream  contained  19.23  per  cent, 
butter-fat.  This  cream  was  ripened  for  about  24  hours  and  then 
churned.     The  details  of  the  results  are  given  in  the  table  below. 

During  the  progress  of  the  Dairy  Show  a  working  dair>'  was  in 
operation.  For  this  thirty  cans  of  milk  were  received.  Wednes- 
day, Nov.  18,  this  milk  weighed  2,035.25  lbs.  It  was  put  in  a 
large  vat,  warmed,  and  thoroughly  mixed.  The  thoroughness  of 
the  mixing  is  illustrated  by  the  fact  that  tests  of  four  samples 
showed  no  variation  in  the  per  cent,  of  butter-fat.  One  sample 
was  taken  from  the  middle  of  the  vat,  two  from  the  ends,  and  one 
from  the  first  milk  drawn  from  the  faucet.  The  milk  contained 
4.15  p>er  cent,  of  butter-fat,  or  84.45  ^^^-  i^  ^^^^  2,035.25  lbs.  milk. 

This  milk  was  run  through  a  separator  in  65  minutes.  The  spewed 
of  the  separator  was  said  to  be  6,000  revolutions  per  minute.  Traces 
only  of  butter-fat  were  found  in  four  samples  of  the  skim- milk 
taken  during  the  process  of  separation.  It  required  9.8  cc.  of  one- 
tenth  normal  alkali  to  make  50  cc.  of  the  milk  neutral.  After 
ripening  for  24  hours  the  cream  was  churned.  Details  are  given 
in  the  table  above. 

The  butter  obtained  from  the  52  lbs.  of  Brown  Swiss  milk  was 
about  3  oz.  more  than  the  butter-fat  in  the  same  milk,  as  indicated 
by  the  tests  of  the  new  milk.  The  butter  obtained  from  the 
2,035.25  lbs.  of  milk  used  in  the  working  dairy  was  20  lbs.  more 
than  the  butter  fat  shown  by  tests  of  the  milk.  This  is  an  increase 
of  the  chum  over  the  test  of  1 1.5  and  23.6  per  cent,  resix'ctively. 

*Bulletiu  A^rl.  Kxpt.  Station,  Champaig^n.  111.,  Nov.,  i'h^i. 
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Results  Obtained  front  the  Chumings. 


Cream  from  Milk  of 


Brown 
Swiss  Cows. 


Working 
Dairv. 


Weight  of  cream  churned 10.25 

Temperature  of  cream  churned 61°  F. 

Temperature  of  buttermilk 59°  F. 

Time  of  churning 65  niin. 

Acidity  of  cream  [50  cc.     i-io  normal  alkali]  .    .  25.5  cc. 

Weight  of  buttermilk,  lb ^        15 

Per  cent,  of  fat  in  buttermilk '         0.6 

W^eight  of  salted  butter  from  churn,  lb 2.1875 

Weight  of  butter-fat  by  test  of  milk,  lb i-97i 

Difference 0.2165 

Percentage  increase  of  churn  over  test,   or  of 

butter  over  butter-fat  in  the  milk ^        11.5 

Anah'sis  of  butter — 

Water,  per  cent ^ 15.4 

Butter-fat,  percent * 77-24 

Salt,  i>er  cent 6.6 

Curd,  per  cent 0.76 

Total loo.oo 

Pounds  of  butter- fat  in  the  butter 1.689 

Pounds  of  butter-fat  in  the  buttermilk 0.09 

Total 1.779 

Pounds  of  butter-fat  in  the  milk  used,  as  shown 

by  test 1. 971 

Difference — loss  or  gain  in  the  process  .    .    .  —0.192 

Per  cent,  which  loss  or  gain  was  of  total  butter- 
fat  in  milk  used — 9.7 


61°  F. 
61°  F. 
17  min. 
37  CO. 
204.5 

03 
104.5 

84.46 
20.04 


23.6 


14.15 
82. 

3- 
0.85 

100.00 

85.69 
0.61 

86.30 


84.46 
fi.84 


-2.17 


From  analyses  of  the  butters,  with  the  records  of  weights  of  but- 
ter and  butter-milk,  the  account  kept  with  the  Brown  Swiss  milk 
shows  a  loss  of  0.19  lb.  butler  fat,  or  9.7  per  cent,  of  the  total 
weight  of  butter-fat  in  the  milk  started  with.  Although  this  is 
not  the  finest  working  that  can  be  done,  so  small  a  quantity  could 
easily  be  lost  by  adhering  to  the  dairy  utensils  of  processes  through 
which  the  milk  passes  to  make  butter.  The  acxx)unt  kept  with 
the  2,035.25  lbs.  of  nn'lk  in  the  working  dairy  shows  an  increase  of 
1.84  lb.  of  butter  fat  over  the  total  quantity  in  the  fresh  milk  as 
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tested.  This  figurative  creation  of  butter-fat  in  excess  of  what 
there  was  in  the  milk  is  probably  due  to  the  water  that  the  13 
wooden  boxes  absorbed  after  they  were  weighed.  The  helper  who 
packed  the  butter  into  boxes  from  the  chum  had  weighed  the  dry 
boxes,  then  dipped  each  one  into  cold  water,  filled  it  with  butter, 
and  from  the  total  weight  subtracted  the  weight  of  the  dry  box,  so 
that  the  water  absorbed  by  the  boxes  appears  as  weight  of  butter. 

The  salt  added  to  the  butter  from  the  Brown  Swiss  milk  was 
not  weighed,  but  estimated  by  the  helper,  and  the  analysis  of  the 
butter  shows  an  excessive  quantity. 

A  comparison  of  the  test  and  the  churn  has  been  made  at  the 
dairy  of  this  Station,  together  with  an  analysis  of  the  butter,  and 
the  accounts  balanced  well.  This  work,  except  the  last  two  chum- 
ings,  was  done  by  one  person,  and  the  dair>'  utensils  used  were 
carefully  cleaned  to  prevent  any  loss  of  butter-fat  in  the  process. 
The  milk  used  was  fi"om  one  Jersey  cow  about  one  month  after 
calving.  In  four  trials  the  milk  was  set  in  Cooley  cans  with  bot- 
tom faucet.  Another  trial  (the  third  in  the  tables)  was  made  by 
setting  the  milk  in  shallow  pans,  which  were  the  common  kind 
used  for  this  purpose,  but  with  a  hole  at  one  side  near  the  bottom. 
This  hole  was  closed  with  a  cork  until  time  to  skim  the  milk,  when, 
by  pulling  the  cork,  the  skim-milk  was  drawn  off  till  the  cream 
fell  to  the  hole  and  then  the  cork  was  replaced. 

The  results  from  the  five  chuniings  (next  page)  illustrate  a 
gradual  change  from  a  loss  to  a  profit  by  attention  to  the  proper 
temperature  and  acidity  of  the  cream  churned.  In  the  first  trial 
the  temperature  of  the  cream  was  too  high  and  the  cream  was  not 
sour  enough.  This  caused  a  loss  of  5.3  per  cent,  of  butter- fat  in 
the  buttermilk  ;  and  the  butter  obtained  was  10  per  cent,  less  than 
the  total  quantity  of  butter-fat  in  the  milk  used. 

A  test  of  the  buttermilk  is  a  good  guide  for  judging  of  the 
thoroughness  of  the  churning,  and  in  the  above  record  it  can  ho 
seen  that  the  per  cent,  of  butter  fat  in  the  butter-milk  gradually 
decreases  from  the  first  to  the  fifth  trial,  in  which  the  cream  was 
churned  in  about  proper  condition  as  to  temperature  and  acidity, 
giving  a  butter-milk  which  contained  only  o.  i  per  cent,  butter-fat 
and  a  weight  of  butter  16  per  cent,  greater  than  the  butter-fat  in 
the  original  milk.     The  butter  was  weighed  and  a  portion  taken 
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Results  Obtained  from  the  Chumings. 


Firet     1  Second      Third 


Trial. 


Temperature  of  cream  churned,  F,    68° 
Temperature  of  buttermilk,  F.  .    .  j  64 
Time  of  churning,  minutes .  .   .    J  15 
Acidity  of  buttermilk  [50CC.--1-10 

normal  alkali] I  13  cc. 

Weight  of  buttermilk,  lb 8 


Trial. 

80° 

74 

3 


Trial. 

66° 

62 

10 


Fourth 
Trial. 


62° 
60 

7 


Fifth 
Trial. 


58° 

58 
20 


Per  cent,  of  fat  in  buttermilk  .    . 
\Vt.  of  unsalted  butter  from  churn 
Wt.  of  butter-fat  by  test  of  milk   . 


5.3 

1.75 

1.955 


35.5  cc.  28.5  cc.  36.5CC.  41.6CC. 
'    8.56    ;    3.875      6         I    6.78 
4.9  1.25    i    0.35        0.1 

2.34    j    1.8125     1.84        2.156 
,    2.365      1.6006     1. 619  .     1.848 


Differ'e — lossor  gain  in  the  process  '—0.205  —0.025   +0.21 19  -f  0.221    -0.308 


Per  cent,  which  loss  or  gain  was  of  1 
total  butter-fat  in  milk  used  .    .  Lio.4 

Analysis  of  butter —  | 

Water,  per  cent. i  19.56 

Butter-fat,  per  cent 78.94 

Curd,  per  cent ;  1.5 


— I.O6      +13.94     -1-13.64     M6.6A 


21.33 

15.66 

14.95 

15 

77. 

82.54 

i  83.27 

,  83.2 

1.67 

1.8 

1.78 

1    1.8 

Total 100.00     100.00    .100.00     100.00     100.00 


Pounds  of  butter-fat  in  the  butter  .  1.381  1.8018  1.496  1.535  1.7939 

Pounds  of  butter-fat  in  the  butter-  1               1              |  i               1 

milk '  0.424  0.4194  0.0484  0.021  0.0067 

Poundsof  butter-fat  in  skim -milk  .  0.141  0.1256'  0.0547  0.083'  0.0847 


Total 1.946 

Pounds  of  butter-fat  in  the  milk  ' 

used,  as  .shown  by  test 1-955 


Differ*e — loss  or  gain  in  the  process  — 0.009 
Per  cent,  which  loss  or  gain  was  of ' 
total  butter-fat  in  milk  used  .    .    — o.46     —0.7 


2.3470     1.5991      I  639 
2.365      1.6006     1. 619 


.018  — 0.0015-0.02 

—0.1  rl.23 


i.8«53 

1.848 
0.037 


for  analysis  before  it  had  been  worked.  This  accounts  for  the 
large  per  cent,  of  curd  found  by  the  analysis.  The  cream  used  in 
these  fivechurnings  was  separated  from  the  milk  in  different  ways. 
All  the  milk  was  set  at  a  temperature  of  45°  to  48°  F.,  either  in 
Cooley  cans  with  bottom  faucets,  or  in  shallow  pans.  The  cream 
was  not  skimmed  from  the  milk  in  the  shallow  pans,  but  the  .skim- 
milk  was  drawn  off  at  the  bottom  of  the  can  as  before  descril)e(l. 

This  Sgure  illustrates  a  device  for  measuring  the  acid  used  with 
the  Babcock  milk  test.     By  this  arrangement  the  glass  automatic 
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pipette  can  he  put  through  the  cork  of  any  hottle  of  acid,  which 
is  also  kept  closed,  thus  preventing  any  change  in  the  strength  of 
the  acid. 

A  system  of  valves  is  so  arranged  in  the  rubber  bulbs  E,  F,  that 
by  squeezing  F'\\\  the  hand  air  is  forced  through  the  tube  H  into 
the  bottle  of  acid  M.  This  pressure  of  air  forces  the  acid  through 
the  tube  A' up  into  the  pipette  D  until  it  overflows  at  B\  then  by 
turning  the  cock  so  that  c  and  d  change  places  the  connection  is 
closed  between  the  l)ottle  and  pipette  and  opened  from  the  pipette 
out  through  the  tube  A  from  which  the  measured  acid  is  delivered 
into  the  test  bottle. 

The  end  of  the  tube  //  inside  the  bottle  should  not  touch  the 
acid,  but  the  end  of  the  tube  A' should  always  be  in  it.  This  tube 
A' should  be  of  stout  glass  with  an  inside  diameter  of  3-16  in.,  the 
holes  through  the  glass  cock  should  be  /-s  in.,  and  the  delivery 
tube  A,  from  the  pipette  to  the  lest  bottle,  should  have  an  inside 
diameter  of  /-s  in.  and  an  outside  diameter  of  7-32  in. 

MARKING   TEST   BOTTLES. 

The  common  practice  now  is  to  mark  milk  test  bottles  with  a 
numbered  ring  or  band  of  copper  around  the  neck  of  the  bottles. 
In  keeping  up  the  supply  of  test  bottles  it  often  happens  that 
new  ones  have  the  same  numbers  as  those  already  in  use.  Two 
bottles  with  the  same  numl)er  may  cause  confusion  and  guess  work, 
if  two  different  samples  of  milk  are  tested  in  them  at  the  same 
time.  The  enlarged  end  of  the  neck  of  the  test  bottle  often  breaks 
off  and  though  the  break  may  not  be  sufficient  to  prevent  using  the 
bottle,  the  copper  band  easily  slips  off  and  is  lost. 

A  simple  and  efficient  way  of  marking  test  bottles  is  to  grind  a 
label  on  them  with  a  file.  Wet  with  water  a  flat  side  of  a  three- 
coniered  file  and  use  the  wet  side  of  the  file.  File  a  space  about 
one-fourth  inch  square  at  any  convenient  place  on  the  test  bottle, 
thus  making  the  smooth  surface  of  the  glass  rough  and  on  this 
ground  lalxil  mark  numbers  with  a  lead  pencil.  A  good  place  to 
file  the  laljel  is  either  above  or  below  the  graduation  on  the  neck 
of  the  test  bottle. 
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Butter-Fat  Shoum  by  Weekly  Composite  Tests,  Per  Cents. 


No.  of  Patron. 


Week  Ending  October 

and  9th        I       17th  24th  30th 


I 4-3              4                 4  .4-4  4.2 

2 3-6  .       3.3              3-^  3-7  3.5 

3 3-6             3.5  i       3-^  3.7  3.7 

4 ;       3-6             3.5  '       4  ,4  4.2 

5 3-8             3-6  ,       3-6  '       3-6  36 

6 3-9             3-6             4  4.1  3-9 

7 3-«             3-8             3-8  3-4  3-6 

8 i       4-4              4.8  !       4.4  4  3-9 

9 3-5              3-6             3-4  3-8  out 

^o 4                 4.3              3-8  4  4.4 

" -3.9  I       3.7             3-7  4.4  3-2 

" 3-6             3.7             3-7  3.4  3.4 

^3 3.9  i       3.7             3.7  4  3-8 

H 4  ,3-9             3-9,4  4.1 

>5 i       3-7  I       3-8             3.8  4  4.1 

" • 4                3.6  ;  .    3-6  4  4. 1 

*7 3.6             3.6             3.6  3.6  3.7 

" ,       3.6       I       4  4  3-8  3.6 

19 4.2       '       4.6  4.6  4  4.2 

^ 3-6      ,       3.6      I       3-6  4  3-8 

"Some  of  the  variations  I  can  account  for.  No.  11,  for  instance, 
^d  a  steady  increase  in  milk  from  fresh  heifers.  Some  had  a  de- 
crease from  their  cows  drj^ing  off.  In  the  summer  months  when 
tbe  conditions  of  the  different  dairies  were  more  uniform,  the  tests 
ran  with  a  surprising  uniformity.'* 

CREAM    SEPARATION,    TEST   OF   METHODS. 

A  number  of  trials  were  made  to  observe  the  completeness  of 
the  cream  separation  after  the  milk  had  been  set  in  Cooley  cans, 
temperature  45°  to  48*^  F.,  12,  24,  36,  and  48  hours.     Tests  for 
butter-fat  were  also  made  of  the  skim-milk  in  the  bottom  and  the 
middle  of  the  can,  and  of  that  last  drawn  off. 

The  results  show  that  cream  is  often  lost  if  the  skim -milk  is 
drawn  off  nearer  than  one  inch  from  the  lx)ttom  of  the  cream. 
The  variation  in  the  tests  given  in  the  table  on  p.  29  under  the 
column  headed  "last  skim-milk"  shows  the  necessity  of  caution 
Jn  skimming  close  to  the  cream.  Drawing  off  the  skim-milk  to 
within  one  inch  of  the  bottom  of  cream  can  be  done  without  loss 
of  cream,  if  the  faucet  is  set  so  that  the  skim-milk  does  not  stop 


no 
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running  until  it  has  reached  the  point  where  you  wish  it  to  stop ; 
repeated  opening  and  clasing  of  the  faucet  has  a  tendency  to  mix 
the  cream  so  that  it  flows  out  with  the  skim-milk. 

The  summary  of  this  table  shows  that  when  the  milk  of  this 
COW  was  set  in  cans  to  the  depth  of  ten  inches  the  most  butter-fat 
was  obtained  in  the  cream  when  the  milk  had  been  set  48  hours. 

Records  of  the  Weights  and  Tests  of  the  Whole  Milk  and  Skim-Afilk, 


Date. 


New 

Milk 

Set. 

lb. 


Per  Cent.  Butter-Fat  in 


Milk  ,_ 


Skim-Milk  Drawn. 


Used. 


I  Bottom  Middle     Last      Total 


jMilk  skimmed  after  standi  fig  12  hours — 


Afilk  skimmed  after  standing  2^  hours — 


Oct. 

16 

Nov. 

I 

Nov. 

4 

Nov. 

5 

Nov. 

6 

Milk 

Oct. 

16 

Oct 

19 

Oct. 

20 

Nov. 

I 

Nov. 

2 

Nov. 

S 

Nov. 

5 

Nov. 

6 

10.18 

7.5 
7.93 

*8.56 


5.8 

5 

5.7 
4.6 

5.2 


0.6 
0.4 

0.5 
o.i 

0.2 


0.8 
0.6 
0.8 
0.2 

0.3 


2 
0.7 

3-9 
1.9 
0.5 


12.22 

11.43 
12 

9.68 

10.37 

9.87 

*9-75 
*9.84 


3.9 
3.6 

5.3 
3.9 
5.2 
4.0 

3-7 
4.1 


o 

o 

o 

0.2 

o 

o 

o 

o 


o 

O.I 

0-3 

0.3 
o 

o 

o 

0.2 


0.5 

1-9 
0.7 

0.3 
2.2 

0.4 

1.4 
0.4 


Afilk  skimmed  after  standing  j6  hours — 


Oct. 
Oct. 
Nov. 


19 

31 

2 


10.5 
10.18 

8.93 


5.8 

4 

5 


o 
o 
o 


0.2 
0.1 
0.1 


6.6 
0.8 
2.1 


1.2 

0.7 

I 

0.4 

0.2 


0.2 
0.2 
0.4 
0.2 
0.2 
o.i 
0.05 

O.I 


0.4 
0.2 
0.2 


Per  Cent,  of  Total 

Butter  Fat  of 

New  Milk  I.efl  in 

Skim -Milk. 


i2:f  i  '^-^^ 


•7.34  \ 
*303  » 


3.9 
4.38 

5.34 

4.1 

2.87 

1.6 

« 

*2 


I.I7I 
2.06  J 


5 

3 

2 


•37) 
.88J 


5.18 


3.7 


1.62 


4.05 


Milk  skimmed  after  standing  /«?  hours — 


Oct.     17 11.68 

Oct.     21 12.59 

Nov.     4 11.25 


4.1 

0 

0 

0.4 

0.1 

2 

4.7 

0 

0 

1.8 

0.2 

3 

4.4 

0 

O.I 

1.6 

O.I     , 

I 

3.4  \ 
I.8I  j 


2.4 


Milk  diluted  icith  an  equal  weight  of  water  and  skimmed 
after  standing  2  hours — 


Nov.     7  .   . 


9.62     4.9       0.4       0.5       0.5       0.5       17.2 


'Shallow  pan,  milk  3  inches  deep. 
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This  was  not  much  better  than  setting  the  milk  24  hours,  but  con- 
siderably better  than  setting  12  hours.  An  average  of  2.4  percent, 
of  the  total  butter-fat  in  the  new  milk  was  lost  in  the  skim-milk 
when  skimmed  after  48  hours  standing ;  4.05  per  cent,  after  36 
hours;  3.7,  after  24  hours;  and  12.87,  ^^^^^  12  hours. 

Summary, — Per  Cent,  of  the  Total  Butter- Fat  in  the  Milk 

Left  in  the  Skim- Milk. 


Time  of  setting,  h. 
Per  cent,  of  total  . 


Milk  Set  in  Cans. 
Depth  of  Milk,  lo  Inches. 


Milk  Set  iu  Diluted  with 

Shallow  Pans.      One-half  Water. 


12 
12.87  1 


24 

3-7 


36 
4.05 


48 
2.4 


12         24 
5.18      1.62 


2 
17.2 


Milk  Set  in  Shalloiv  Paris  j  Inches  Deep  and  in  Bottles 

6  and  p  Inches  Deep. 


e 
c 

m 


Temp.  F.  of 
Milk  when 


Manner  of  Setting. 


u  u 


Jl 


a;  -       V  a 


^\ 


Shallow  pan,  depth  3 

inches        95°  82* 

Bottle,  depth  6  inches  95  .    . 

Shallow  pan,  half  wa- 
ter. 3  inches  ....  73   ^  71 

Shallow  pan,  depth  3 

inches 97  85 

Bottle,  depth  9  inches  97  .    . 

Pan,  half  water,  3  in.  75  72 


^^o 


J'. 


Shallow  pan,  depth  3 

inches 96 

Bottle,  depth  9  inches  96 

Pan,  half  water,  3  in.  76 


S5 
74 


79 
72 

82 

82 


Per  Cent,  of  Butter  Fat  in 


Skim-Milk  After  Standing. 


s     s      = 


• 

T, 

■i) 

• 

IT 

(A 

V. 

u 

U 

u 

t^ 

U 

'i 

0 

0 

3 
0 

c 

►M 

X 

pm 

NN 

1^ 
1 

n 

,          ^ 

-c 

O^ 

IT   3.3 


1.9     1.5     0.8     0.6     0.1 


3.3     2.9     2.3     2.1      1.4     0.9 
70     3.3      .    .     0.4     0.25  0.1     0.05 


2.9     2.5     2         1.6     I        0.6     0.15 
2.9     2.7     2.3     2         1.5     1.2     0.5 
2.9    (J.6     0.4     0.3     0.15  0.05    .    . 


3.45  2.4     2         1.6     I        0.7     0.4 
3.45   2.S     2.4     2.2      1.6     1.2     0.9 


74     3-45  "-5     <'-4     '>-3     <>• '     '>-<^>5    ■ 


One  trial  of  separating  the  cream  by  dihitinj^  the  milk  with  an 
tqual  volume  of  water,  showed  that  17.2  per  cent,  of  the  total  but- 
ter-fat was  lost  in  the  skim-milk  when  skimmed  after  2  hours 
standing.  The  results  obtained  from  setting  the  milk  in  shallow 
pans  showed  the  most  complete  separation  of  cream  in  this  trial. 
Only  1.62  per  cent,  of  the  total  butter-fat  of  the  milk  was  lost 
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ill  the  skim  milk  after  stand iiiK  -4  tifHirs,  :iiul  5  i'^  in-r  cixi!    sfttr 
AtandiiiK  12  limirs. 

Murir  iiiiiff irmly  ounpU'ti*  s«r|M rations  nf  iTiMin  th.in  an\  ••!  thr 
aUiVi'  can  lie  nhtained  Wv  nsin^  a  "  Ii.ili\  h.ititl  M-]ur.it«'r  whK'h 
we  have  re|ieatt*(l1y  tested.  olitaininK  skiin  milk  \\:th  U-s^  :!*.j;:  1 
|>er  (x-nt.  Imtter-fat. 

/: «/ Hit/  /  \i  f  t>  . \V :•   .1  ftik  ii9t%i  \\  \i !t  9 


I  r  nit>«r  A!u*r     I 


|i--.»r.l 


!>•  \  '•.*      f  It  .•■'-   » 


:•        •#•!  Nk  fn    V     4 


L'ti*i  N*«  :        I 


I  «iu  Nil  .* 
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deep.  A  mixture  of  milk  from  several  cows  was  used  and  it  was 
set  in  a  room  where  the  temperature  was  about  70°  F.  In  each 
trial  the  cream  rose  faster  and  more  completely  in  the  shallow 
pans  3  in.  deep  than  when  set  in  bottles  6  or  9  in.  deep.  See  fore- 
going table  for  results. 

CREAM    RAISING    BY   DILUTION. 

The  observations  here  recorded  include  a  comparison  of  the  rate 
at  wl\ich  cream  rises  in  hot  weather,  when  the  milk  of  different 
cows  is  diluted  with  an  equal  volume  of  water.  The  benefits  of 
this  practice  are  supposed  to  be  obtained  by  dairies  which  do  not 
have  ice  or  a  cool  place  in  which  to  set  milk,  and  where  in  hot, 
muggy  weather  the  milk  sours  before  all  the  cream  rises.  Under 
sudi  circumstances  it  has  been  suggested  that  the  cream  can  be 
separated  at  once,  by  adding  cold  water  to  the  new  milk. 

The  following  trials  were  made  to  demonstrate  how  thoroughly 
the  cream  can  be  separated  in  this  way,  and  what  results  would 
be  obtained  with  the  milk  of  different  cows.     About  one-half  a 
pint  of  new  milk  was  mixed  with  the  same  quantity  of  water. 
The  mixture  was  put  into  wide  mouthed  glass  bottles  with  a  fau- 
cet at  the  bottom  by  which  portions  of  skim-milk  were  drawn  off 
for  testing.     The  mixture  filled  the  bottles  to  a  depth  of  4  in. 
The  temperature  of  the  milk  was  about  98°  F.  when  mixed  with 
water  of  about  58°  F.     The  temperature  of  the  mixture  was  about 
75°  F.,  and  it  was  kept  in  a  room  where  the  temperature  ranged 
from  66°  to  76°  F.     A  test  was  made  of  the  skim-milk  after  the 
mixture  had  stood  i,  2,  6,  and  9  hours. 
The  details  are  given  in  the  foregoing  table : 
The  milk  used,  250  cc.,  was  carefully  measured  each  time.     A 
calculation  has  l^een  made  to  show  the  per  cent,  of  the  total  butter 
fat  of  the  milk  which  was  left  in  the  skim-milk. 

Percentage  of  Total  Butter-Fat  Left  in  the  Skim-Milk. 

Milk  Set.  1  Hour.         2  Hours.       ')  Hours.       u  Hours. 


Cow  No.   1.  av.  of  6  trials 46  35.5  22.4  14.9 

.V        "      3      *'      35-5  ^^"^-7  M-7  i<>-4 

4.  '•      6      '•      50  :v^  '6.S  17.^^ 

5.  •*      3      '•      43  15-^ 

Mixture,    i.       **      3      "      3i-5  '5 

2.       "      3      "      34-7  23.3  13.9  10.4 


Average 40.1  30.1  17  14 
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Thfic  tal ill's  nIimw  ilial  tlirrt-  was  ijuiti*  .1  vanati«iii  in  the  ;«t 
ix-iit.  iit'lititU-r-fat  t'fiuntl  in  the  (1iluU*<l  skini  txiilk  truni  thi  n-.ilk 
of  I  he  sniiK*  o>\v  on  iliflftTi-nt  tlays.  Thi-<*  xariatmn^  \*irr  !-..  t  «• 
griMt.  hiiWfviT.  as  ihal  ••!'  mw  N«»  1  troin  all  llu-  I'thrr^  The 
milk  t'runi  oiw  N(».  i  \va*»  OMiiHiili-r.iMy  rii  hrr  than  that  !:-n-.  the 
nthvr^  aiiii  >;avi-  a  rii'hir  >kini  milk,  hut  it  o»nta:n&tl  .r-  it  the 
N^inii-  |irii]Mirtiiin  nf  thi-  tuta!  hutter  I'at  a<*  tltv  milk  !r>::i  '.!:i   •thef 

T!u"  axiTavTf  •»!  all  llu-  ri-suilH  •ilitaintil  -h«i\\s  that  1:1  !':;■"  trial 
uheii  tii'w  milk  was  ihUilrtl  \\\\\\  .111  ti^tial  \iiliimr  ••!  v«'.-l  Mater 
ami  ki-|it  in  .1  i>miiii  at  .lUtnt  7^  F  .  tlurc  \\a^  Kit  in  tht-  «k:r-.  r-.*.lk 
alNi\ii  4.1  |Ht  irnt  «•!  thr  ti'l.il  hntti-r  t.il  iStrr  ^tan'l:!:<  ••Ttr  h  r:? 
V*  \^T  iviil  allir  two  hi  ill!  ^.  17  |hi  utiI  .iltir  n;\  h  :::*  ir^  i  ;4 
Jul  It  nt    .i!li  r  nitir  hMiir-« 

An  r\]H  Tiimiit  v\a*»iu\:  m.tiK'  !•>  I'Mtrt.f.ii  wlutV.rr  t^t  ^:Nk 
r.ii^iii^  ••!  I'll. nil  h\  ih*.i!!i«'!i  w.iN  i.iv.^ttl  *.\  •].%  ^v.  i-ii  ri  ^':.Jkr^\  :a 
ti-ni|>«  t.itiirr  I'T  !»\  thr  •l:!titi>*n  ••!  thi   !:«i',i:ii  !!ir'»':^!i  w !;     "::  '.'.  <  la! 

1/..-     S   /  ;•;  h'-'f—'f  I'   9    /..   •//;.» 

.....  I  •  ■     •        It 
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The  bottles  used  before  were  filled  to  the  same  depth  with  new 
milk.  They  were  then  put  into  a  refrigerator  until  the  milk  had 
cooled  to  about  75°  F.,  taken  out  and  kept  in  a  room  at  70*^  to 

The  details  of  the  record  are  given  in  the  table. 

An  average  of  the  duplicate  trials  shows  a  great  difference  in  the 
cream  rising  on  milk  of  the  different  cows.  There  is  not  near  the 
uniformity  that  was  observed  when  the  milk  was  diluted  with 
water. 

The  same  calculation  used  before  shows  the  per  cent,  of  the  total 
butter-fat  of  the  whole  milk  left  in  the  skim-milk  to  be  as  follows : 


Per  Cent,  of  the  Total  Butter-Fat  left  in  the  Skim-AIilk, 


Milk  Set. 


Cow  No.  I. — July  16 
•*     17 

Average    .    .    . 


Cow  No.  3.— July  16  . 
-     17. 


Average 


Cow  No.  4. —July  16  . 
"     17. 


Average 


Mixed  Milk.— July  16 


17 


--  ■   —  ■ 

-"-—■- 

I  Hour. 

2  Hours. 

6  Hours. 

9  Hours. 

30.6 
25.1 

24 
14 

12 
9 

9.3 
3.4 

26.8 

19 

10.5 

6.3 

73.5 
60 

60.3 
31   . 

33.5 
22.6 

13 
II.3 

67.7 

45-5 

28 

12. I 

90 

«5 

90 

57 

69 
50 

57 
24 

88.5 

73-5 

59-5 

40.5 

73 
67 

70 
43 

43 
30 

27 

14 

Average 


56.5 


36.5 


15.5 


The  results  from  this  work  on  cream  raising  by  dihition,  show 
(ijthat  with  rich  milk  and  with  that  from  a  new  milch  cow,  the 
cream  rose  as  completely  when  the  new  milk  was  quickly  cooled 
to  70°  F.  without  the  addition  of  water  as  it  did  when  diluted  with 
an  equal  quantity  of  water. 

(2)  The  rising  of  the  cream  was  more  complete  in  a  given  lime, 
and  was  hastened  by  diluting  the  milk  from  cows  that  were  not 
fresh  or  that  gave  a  considerable  quantity  of  average  milk. 


CAMPHOR  :  MKTHODS  OF  GROWTH  AND  MANUFAC- 

TI^RE  IN  FORMOSA.* 

nv   KnWAKD  Rkplok. 

The  most  interesting  portion  of  my  district  of  **  Amoy  and  its 
dependencies,"  to  use  the  diplomatic  phrase,  is  the  great  island  of 
Formosa.  The  name  (the  Portuguese  adjective  for  beautiful)  is 
extremely  appropriate,  for  I  question  if  any  handsomer  or  more 
picturesque  scenery  can  he  found  upon  the  globe.  The  territory 
is  over  200  miles  long  and  60  wide,  and  is  about  as  large  as  Eng- 
land, Scotland  and  Wales  combined.  Along  its  major  axis  runs  a 
double  range  of  magnificent  mountains,  several  of  whose  summits 
are  constantly  covered  with  snow.  The  fertility  of  the  soil  is  pro- 
verbial in  the  East.  At  some  points  the  land  produces  from  three 
to  five  harvests  a  year.  Besides  the  best  tea  in  the  market,  it 
produces  unlimited  quantities  of  camphor,  sugar,  rice,  hemp,  oil, 
oil  cake,  castor  oil,  turmeric  and  valuable  woods.  It  ought  to 
have  an  inmiense  commerce  with  ever>'  part  of  the  world,  but  it 
has  not,  which  is  due  to  the  time-beaten  prejudice  of  its  governing 
classes  against  foreigners  and  ever}'thing  foreign. 

Nowhere  does  the  force  of  this  blind  prejudice  show  itself  in  so 
large  and  ruinous  an  extent  as  with  the  trade  in  camphor  and  cam- 
phor wood.  From  the  earliest  times  camphor  has  been  a  practical 
necessity  to  man.  Its  pleasant  perfume,  its  destnictiveness  to  in- 
sect life  and  its  many  remarkable  therapeutic  virtues  have  more 
than  earned  its  great  i)oi)ularity. 

In  the  past  twenty  years  its  importance  has  been  multiplied 
many  times  by  the  discovery  of  celluloid,  zylonite  and  smokeless 
powders,  in  all  of  which  it  is  an  essential  ingredient.  While  the 
camphor  tree  grows  in  numberless  places,  it  finds  its  best  develop- 
ment in  Japan,  and,  above  all,  in  Fonnosa.  In  the  last-named 
place  it  is  the  predominant  forest  growth.  The  trees  upon  the 
island  are  to  be  numbered,  not  by  hundreds  of  thousands,  but  by 
millions.  At  the  present  time  there  is  enough  camphor  in  Formosa 
to  supply  all  Christendom  for  a  centur\'.  Yet  notwithstanding 
these  facts,  the  output  of  the  entire  island  in  1890  was  only  about 
60  tons  ! 

The  camphor  expert  selects  a  tree,  and  scrapes  into  the  trunk  in 
different  places,  using  an  instrument  resembling  somewhat  in  ap- 
pearance a  rake,  with  teeth    of  curved,  gouge-shaped  edges  that 
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cut  pulling.  This  scoops  out  the  wood  in  little  crescent-shaped 
chips.  A  tree  is  not  considered  to  be  worth  anj'thing  for  cam- 
phor purposes  until  it  is  50  years  old.  The  yield  of  a  tree  is  un- 
equal, being  greater  in  and  about  the  roots  than  higher  up  on  the 
trunk. 

The  scrapings  or  chips  are  pounded  in  a  stone  or  iron  mortar 
and  boiled  in  a  large  iron  caldron,  over  which  is  placed,  with  the 
concave  side  covering  the  mouth  of  the  caldron,  an  earthenware 
bowl-shaped  vessel.  In  the  boiling  the  camphor  sublimes  and  con- 
denses on  the  inside  of  the  big  bowl,  which  is  removed^  from  time 
to  time,  the  camphor  scraped  off  and  replaced. 

The  root  and  trunk  are  scraped  while  the  yield  lasts,  and  the 
chipping  is  continued  till  finally  the  tree  falls.  No  attempt  is 
made  to  extract  the  camphor  from  the  trunk  or  branches  of  the 
fallen  tree.  In  some  cases  the  trunk  is  sawed  up  into  planks,  but 
this  depends  upon  the  locality.  In  many  districts,  owing  to  ab- 
sence of  roads,  timber  would  not  pay  for  its  transport.  It  is  im- 
possible to  imagine  a  more  wasteful  method,  and  it  is  fortunate 
that  the  camphor  forests  of  Formosa  are  practically  inexhaustible. 
The  quantity  of  camphor  produced  depends  upon  the  amount  of 
labor  employed  in  the  business.  Ten  iron  pots  and  accompanying 
bowls  make  up  what  is  called  a  *' set,"  and  are  worked  by  four  men. 
One  set  \vill  produce  about  six  pounds  a  day  ;  a  fair  average  is  150 
pounds  a  month. 

At  one  time  the  camphor  trade  was  monopolized  by  the  Governor 
of  Formosa  and  his  official  staff.  The  annual  output  ran  as  lii^h 
as  250  and  300  tons  and  netted  the  distinguished  syndicate  over 
Sioo,oooa  year.  The  profit  can  be  easily  appreciated  when  it  is 
known  that  the  poor  peasant  was  paid  four  cents  per  pound  for  the 
camphor  which  was  sold  a  week  afterwards  in  Hong  Kong  for  au}'- 
where  from  24  to  35  cents.  The  monopoly  was  abolished  in  1870 
at  the  inter\'ention  of  the  ministers  of  all  the  great  ix)wers  at  Pek- 
ing. Foreign  merchants,  especially  British  and  American,  pre- 
pared to  enter  the  trade  on  a  large  scale.  The  authorities,  with 
characteristic  shrewdness,  enacted  forthwith  a  likin  or  internal  rev- 
enue system  which  completely  frustrated  all  attempts  to  do  busi- 
ness successfully. 

(i)  A    tax  was  imposed  upon  every  pot  or  boiler,  no  matter 
whether  used  full  time,  half  time,  or  no  time  at  all.     As  non-pay- 
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inent  of  a  tax  in  China  is  a  crime  punishable  by  fine  and  imprison- 
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ment,  this  measure  caused  the  camphor  makers  to  break  and  de- 
stroy one-half  of  their  plant  rather  than  run  the  risk  of  going  to 
jail. 

(2)  A  heavy  *'  battery  tax  "  (or  an  assessment  for  the  building 
and  maintaining  of  forts  in  the  district)  was  imposed  upon  the  fin- 
ished product.  This  was  nominally  about  three  cents  per  pound, 
but  as  levied  came  to  twice  that  figure. 

(3)  The  barrier  imposts  (or  likin  proper)  were  assessed  at  from 
one  to  two  cents  a  pound  upon  the  article.  In  instances  a  donkey 
load  of  camphor  would  Ix^  obliged  to  pass  six  to  a  dozen  barriers 
between  tlie  point  of  production  and  the  market  place. 

(4)  An  export  duty  was  laid  upon  the  camphor. 

(5)  A  system  of  terrorization  was  set  on  foot  by  the  subordinate 
officials,  which  frightened  nearly  all  the  camphor  growers  from 
selling  to  the  foreign  hongs.  Under  these  circumstances  the  trade 
languished,  and  the  supply  demanded  by  Europe  and  America  was 
drawn  from  Japan  and  other  countries. 

In  1S85-86  there  was  a  change  in  the  administration  of  Formosa 
and  a  more  liberal  and  progressive  set  of  men  came  into  office. 
They  began  their  regime  with  promise  of  refonn,  of  new  laws  for 
the  extension  and  l>enefit  of  trade,  and  of  a  more  generous  and 
equitable  treatment  of  the  foreign  hongs.  The  latter  were  delighted 
and  made  contracts  with  the  native  merchants  and  farmers  for 
large  quantities,  to  be  delivered  at  the  place  of  production  and 
to  be  brought  down  to  the  port  under  the  protection  of  official 
permits. 

The  first  consignment  arrived  promptly  and  cleared  a  very  hand- 
some profit.  The  merchants  were  delighted,  but  their  pleasure  was 
short-lived,  inasmuch  as  the  new  Governor,  without  a  word  of 
warning,  re-established  the  old  monopoly.  Notwithstanding  the 
contracts  then  pending  between  the  foreign  merchants  and  the 
native  dealers,  contracts  upon  which  large  sums  had  been  ad- 
vanced, the  internal  revenue  and  custom  house  officers  seized  all 
the  camphor  in  the  market  or  in  transit,  pennits  or  no  permits. 
The  merchants  were  thunderstruck  and  appealed  in  a  body  to  the 
British  and  United  States  Consular  represenative  at  Talwanfoo, 
Hon.  Pelham  L.  Warren,  a  brave  and  brainy  gentleman.  He 
made  a  strong  fight  against  the  outrage,  put  in  claims  for  hea\'y 
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damages,  carried  the  case  to  Peking,  where  he  was  sustained  by 
the  united  foreign  legations,  and  afterwards  by  the  highest  author- 
ity in  China,  the  Jsung-li-Yamen  or  Imperial  Cabinet.  The  mo- 
nopoly was  expressly  abolished,  and  the  claims  after  tedious  delay 
and  litigation,  allowed  and  paid  in  full  to  the  sufferers. 

Before  the  opportunity  thus  created  could  be  taken  advantage 
of,  the  local  administration  levied  a  special  tax  on  camphor  of  one 
cent  per  pound,  exclusive  of  the  internal  revenue  and  export  duty. 
It  was  done  under  the  pretext  of  a  *  *  garrison  tax, ' '  the  Government 
claiming  there  was  danger  of  an  uprising  of  the  savages  in  the  in- 
terior of  Formosa,  and  that   new  regiments   had   to  be  raised, 
equipped  and   supported.     There  never  was  any  uprising,  there 
were  no  troops  recruited,  but  the  tax  ran  gayly  along  all  the  same, 
and  the  proceeds  went  into  the  pockets  of  those  in  power.     The 
tax  was  then  raised  to  two  cents  per  pound  as  the  price  of  camphor 
rose  in  the  Hong  Kong  market,  and  as  this  did  not  change  the  state 
of  affairs  it  was  again  raised,  this  time  to  13  cents  per  pound.     At 
the  same  time  the  camphor  growers  werewarned  by  threatening  pro- 
clamations that  they  were  required  to  pay  this  tax  in  advance  upon 
all  camphor  produced ;  that  any  delinquency  or  mistake  would 
meet  with  the  severest  punishment,  but  that  the  *' camphor  farm  *' 
(a  new  form  of  the  old  Goverment  monopoly)  would  pay  eight  cents 
a  pound  to  any  and  all  growers  for  their  crop.     Up  to  the  time  of 
these  last  enactments  the  price  of  camphor  had  fluctuated  in  the 
countr\-  where  it  is  grown  from  four  to  eight  cents  a  pound.     It 
now  rose  with  a  jump  to  21  cents.     The  net  return  to  the  buyer 
was  about  five  cents  on  an  average  ;  the  difference  went  to  the  '  *  cam- 
phor farm,*'  that  is  to  say,  about  one-tenth  thereof  to  the  niemlxrrs 
of  the  official  clique  and  nine-tenths  to  the  superior  officials  of 
Formosa. 

The  monstrous  condition  of  affairs  has  remained  unchanged  up 
to  date.  The  producers  are  afraid  to  deal  with  the  foreign  mer- 
chants lest  they  be  fined  and  imprisoned  for  some  technical  viola- 
tion of  the  law.  The  merchants  are  fearful  of  making  contracts 
which  will  cause  litigation  and  loss  at  the  hands  of  the  internal 
re\'enue  and  the  customs.  The  trade  has,  therefore,  been  steadily 
felling  off,  and  as  the  smokeless  powders  of  Kurope,  made  from 
camphor,  have  proved  to  be  failures,  and  are  being  replacx'd  by  ex- 
plosives in  which  that  substance  is  not  employed,  the  demand  is 
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ON  THE  MANUFACTURE  OF  THE  CINCHONA 

ALKALOIDS. 


By  Walter  D.  Fiekd. 


PART   I. 


The  manufacture  of  quinine,  quinidine,  cinchonine,  and  cin- 
chonidine  has  been  one  of  great  progress. 

Manufacturers  have  jealously  guarded  their  secrets  in  their  en- 
deavors to  cheapen  the  production.  With  the  droj)  in  prices  from 
about  $3.25  an  ounce  in  1880  to  about  26  cents  an  ounce  in  1892, 
the  questions  naturally  arise :  Are  the  manufacturers  losing 
money  ?  Was  there  a  cause  other  than  competition  that  brought 
about  the  fall  in  prices  ? 

Undoubtedly  competition  caused  the  manufacturer  to  bestir 
himself  to  find  cheaper  and  better  methods  for  extracting  the  al- 
kaloids. With  what  success  no  better  testimony  is  needed  than 
the  present  selling  price  of  the  alkaloids. 

In  this  paper,  the  writer  will  endeavor  to  show  how  to  extract 
the  cinchona  alkaloids  from  the  bark  and  how  to  separate  them 
from  each  other  in  an  economical  manner. 

THE  SEVKRAL   METHODS   OF    EXTRACTION. 

The  use  of  alcohol  was  too  expensive.  Besides,  the  alcohol  ex- 
tracted a  large  amount  of  coloring  matter  and  rendered  the  sepa- 
ration of  the  alkaloids  from  each  other  difficult.  Large  (iiiaiitities 
of  bone  black  were  necessary  to  decolorize  the  solution  of  the 
alkaloids,  and  the  loss  was  heavv  on  account  of  the  amount  of 
alkaloids  which  the  bone  black  ab.sorbs  and  which  i*^  difficult  to 
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rci'laim.      More  will  Iht  s:iiil  n|M»ti  this  suhjivl  Mht-ii  Ihr  «c;ura 
tinn  of  tlii-  ;ilk:il<»icl*>  is  taken  up. 

The  extraction  »»f  the  hark  with  ililute  hyilriKhloric  **r  ^i:*.;»hr:rx 
aeiils  is  njii-n  ti»  the  s^ime  ohjivtioti  a**  the  aKt>hi>1  pri^v*^  And 
further.  UvaUMr  they  .-t/// w.'/  Oinifiletelx  exhaust  the  ^ark  l>r 
\'t'\}*  n;ivn  that  (lihite  Milphuru'  and  will  iti»l  extract  the  lurk  <t 
is  als<i  true  that  tlihite  hytlnvhlorii  ami  will  n^t  extract  Ihr  a'.kj 
loiiis  completely  mt  a  oininiereial  MMle  l\x tract i<»n  h\  nican^  ^^ 
ililute  aiid  wa^  iKVertheless  the  met  hi  m  I  in  um:  l<»r  a  I'^t:  |vr:im! 
of  time. 

TuijH-iitiiie  has  I  urn  tiitni  With*  Hit  siiive^s     titsrl  I'l!  an  !   *cn 
/iiie  \«ith   ••«*nie  Niuei<»<.       Tur]tentine  «\ill   iii*t  rxhau^t  t}:r  ^virk 
fuM-1  nil    when  UM-tl  al«ine.  is  .i]»t  tn  Iea\e  an  iMlur   in  thr   !;v.:«Srd 
pr«Nhii't 

TriUMinitr\  »  fii^t  ns**!  |ietr>iliiiin  ml  hut  iii'iine  s^tnss  •,>  hj\r 
thiiiiv:lit  ••!  iitth/in^  it  in  the  prai  l!\a'.  inaiiutat  ttire  III  t}'.i  i:;tvh<<ii 
alkalmtU  It  rtni.iinid  hiium^I  until  later  tiin«-s  uhni  it  was  ti^c^ 
in  i-Miiitii!!.it!iin  \\\\\\  lii^I  •111  III  i-x!ract  the  alkal^'iil^  Tar  V;!rr 
Tistil:^  i  in  \k  nlita'.Tiitl  \%tth  a  v^iinh'.:i  itii>n  i*l  (um  I  <•:!  .tn^i  ]<*.rtv 
leuni  ••:!  ih  m  \\i*.}:  i.'.htr  .i!<>!ie  Thi^  i.u*t  is  nut  uni:^!:a'.  .«>:7^S« 
natimiN  ..;  *.;.jii:iN  h.i\  :::k:  ■•<^  n  kTi'*wn  !■■  ■*■  ?*tter  ^»'.\tT:!s  !>van 
itlhii  ••!  l\u  I '•i:i'''.mil  'itijiir-U  nM»I  i'.-th  !•'  ■:  i  xanipli  ■!  .^  well 
ki:«'V\!i  tl:  i!  !!'.  ••.•.t,\]\  !n '.Tlif  r  «!J:\!  v!^"!:  ■'.  !!■••  ttheT  i'.!:\'.  «?hcr 
\\:\\  iliNK..!\i  ^i\  Ti.w  !•!-.*  \  I  •.  \%  hi  M  » •  ::i*i:!:f  «l  :n  ojua*.  \.''i:n>r* 
tin  \    !*««'iii».     I  J* -wi  T?i: '.  '»«•'.  \  it:  I  « •:  !^.  i"  '••.:'»*t.iiM 
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ting  A(7/ slacked  lime.  When  the  lime  and  bark  are  mixed,  add 
three-quarters  of  a  pint  of  a  mixture  of  25  per  cent,  fusel  oil  and 
75  per  cent,  coal  oil,  or  petroleum  oil,  150°  test.  This  mixture 
must  have  time  to  settle,  as  water  is  precipitated  from  the  fusel  oil 
on  adding  the  hydrocarbon  oil.  Domestic  fusel  oil  contains  about 
7  per  cent,  water  in  solution.  This  is  not  entirely  precipitated  by 
the  dilution  with  a  hydrocarbon  oil. 

After  adding  the  three-fourths  of  a  pint  of  mixed  oil,  boil  on  a 
water-bath,  in  any  suitable  vessel,  for  three-quarters  of  an  hour, 
then  transfer  the  bark  and  oil  to  a  percolator,  let  the  oil  run  into 
a  bottle,  with  a  ground  glass  cock  in  the  bottom.  Then  wash 
bark  in  percolator  with  three-fourths  of  a  pint  of  hot  mixed  oil, 
allowing  to  run  off  slowly.  Return  bark  to  digester  and  boil  one- 
quarter  of  an  hour  with  three-fourths  of  a  pint  of  mixed  oil. 
Again  transfer  to  percolator,  allow  to  run  off  rapidly,  and  wash 
with  three-fourths  of  a  pint  of  hot  mixed  oil. 

Now  add  six  ounces  dilute  sulphuric  acid  (i  in  20)  to  the  mixed 
oil  extract,  and  then  shake  well.     Allow  the  liquid  to  settle  one- 
half  hour  to  insure  complete  separation,  then  remove  the  acid  so- 
lution by  drawing  off  through  the  glass  cock  in  the  bottom  of  the 
bottle. 

Shake  the  oil  a  second  time  with  an  ounce  of  sulphuric  acid 
(i  iu  20)  ;  this  removes  the  last  traces  of  alkaloids.  Mix  this 
with  the  first  six  ounces  used,  in  an  evaporating  dish,  heat  to  95° 
C,  then  neutralize  with  decinormal  soda  solution,  and  allow 
to  cool.  Filter  the  crystals  which  separate,  and  wash  with  a  small 
amount  of  cold  water,  then  dry  at  a  temperature  not  exceeding 
9^°  C.  Test  the  dried  crystals  for  ether-soluble  alkaloid  with 
Liebig's  ether  test.    ■ 

The  amount  of  soluble  alkaloid  obtained  thus  should  be  taken 
as  a  basis  for  calculation  by  the  manufacturer  using  the  process  of 
Diauufacture  given  in  this  paper. 

If  a  more  complete  analysis  is  desired,  proceed  thus  :  After 
neutralizing  the  acid  extract  of  the  mixed  oil,  add  one  ounce  of  a 
saturated  solution  of  rochelle  salts,  allow  to  cool ;  the  cjuinine  and 
chinchonidine  crystallize  out  as  tartrates  ;  filter,  wash,  dry,  weigh, 
taking  same  precautions  as  before  noted  in  these  operations.  Take 
0-65  gms  of  the  mixed  tartrates  and  dissolve  in  30   cc.   95    per 
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Therefore  mills  with  contact  plates  are  not  desirable,  as  they  can- 
not be  used  for  every  bark.  Unless  the  mills  are  enclosed,  they 
should  be  made  to  discharge  into  a  closed  bin,  still,  as  a  second 
precaution  against  dust,  the  grinding  room  should  be  exhausted 
by  means  of  a  fan  or  blower,  in  the  manner  of  a  planing  mill,  into 
a  closed  chamber  in  which  a  spray  of  water  is  being  injected  to 
collect  the  dust.  The  bark  before  being  put  into  the  mill  must  be 
broken  up  in  a  cage  mill. 

The  Bogardus  mill  is  a  good  one  for  grinding  all  kinds  of  barks  ; 
its  action  is  rather  one  of  cutting  than  crushing.  The  knives  do 
not  come  in  contact  with  one  another,  and  hence  do  not  heat  the 
bark  to  any  great  degree. 

Alsing's  cylinder  has  many  advantages.  It  will  powder  the 
bark  as  fine  as  necessary,  without  the  dust  flying  into  the  room  ; 
it  can  be  run  in  water  and  thus  kept  cool  if  it  should  become 
heated.  The  milk  of  lime  can  be  added  directly  to  the  powdered 
bark  while  in  the  cylinder,  and  thoroughly  incorporated  with  the 
bark.  As  ** tumbling"  is  the  best  method  for  thorough  mixing, 
the  Alsing  cylinder  combines  many  good  points  in  its  mode  of 
operation.  Figure  I  gives  a  view  of  the  cylinder  and  shows  the 
manner  of  operating.  It  is  driven  by  means  of  a  belt  and  gear, 
thus  insuring  steady  revolutions.  The  bark  is  introduced  through 
the  manholes  a  and  b  together  with  the  iron  or  porcelain  l)alls  to 
be  used  in  grinding.  When  the  charge  is  ready  to  Ix?  discharged, 
the  manholes  a  and  b  are  replaced  by  gratings  fine  enough  to  retain 
the  balls.  By  revolving  the  cylinder,  the  charge  can  be  emptied 
into  a  car  beneath. 

*'The  Abbe  Mill'*  has  been  used  with  success  in  sugar  grinding, 
and  from  its  construction,  I  should  think  it  would  prove  a  suc- 
cessful mill  for  grinding  cinchona  bark. 

EXTRACTION    OF   THK    HARK. 

The  bark  having  been  ground,  is  thoroughly  incorporated 
with  20  per  cent,  by  weight  of  slacked  lime.  This  is  an  im- 
portant step  in  the  process,  and  must  lx.»  done  in  a  thorough  man- 
ner. '^Tumbling*'  will  do  this  better  than  any  other  way,  and 
thus  insure  a  perfect  extraction.  The  workman  in  charge  of  the 
mixing  cylinder  should  not  be  allowed  to  decide  when  the  charge 
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is  done,  but  should  always  submit  samples  to  the  superintendent 
for  his  decision. 

The  lime  is  in  the  form  of  stiff  paste,  and  should  be  slacked  some 
time  previous,  so  as  to  allow  of  its  getting  perfectly  cold. 

After  mixing  with  lime,  the  bark  is  transferred  to  the  extraction 
apparatus,  represented  in  section  by  Fig.  11.  This  apparatus  is 
able  to  extract  nearly  a  ton  of  bark  per  day  of  twelve  hours,  and 
requires  for  tliis  purpose  about  3500  gallons  of  oil,  consisting  of 
kerosene  oil,  75  per  cent;  fusel  oil,  25  per  cent.,  (the  kerosene 
and  fusel  must  be  mixed  before  use,  and  the  separated  water  al- 
lowed to  settle),  divided  into  four  charges  of  about  900  gallons 
each.  In  the  upper  half  of  the  extractor  is  placed  the  steam  coil. 
This  arrangement  brings  the  line  of  the  bark  after  settling  below 
the  steam  coil,  and  prevents  the  lime  from  burning  on  the  coil. 

The  mixing  of  the  bark  and  oil  is  another  important  step,  in 
fact,  is  the  important  point  in  the  manufacture  of  the  cinchona  al- 
kaloids. It  must  be  done  perfectly,  or  else  the  yield  of  alkaloids 
will  foil  below  the  estimated  amount.  To  do  this  requires  an  agi- 
tator that  will  bring  the  oil  and  bark  in  contact  and  keep  them 
moving  together  while  heating.  An  agitator  consisting  of  a  shaft 
on  which  broad  iron  arms  are  bolted,  twisted  sufficiently  to  give  the 
bark  an  upward  motion  into  the  oil,  is  represented  in  Fig.  II.  A 
mixer  patented  in  England,  and  now  being  made  and  sold  there, 
is  an  excellent  one  for  this  purpose.  It  is  shown  in  Fig.  III. 
The  cone  can  be  used  the  opposite  way  from  that  shown  in  the 
drawing,  in  which  case  the  direction  of  circulation  of  the  liquid  is 
reversed. 

Another  simple  but  effective  way  is  to  use  the  method  of  mix- 
ing as  given  in  Fig.  V,  in  which  the  arms  extend  clear  across  the 
extractor  at  right  angles  to  each  other,  and  between  them  is  placed 
a  flat  piece  of  iron  bolted  to  the  sides  of  the  extractor.  This  will 
be  found  a  general  way  of  doing  all  the  mixing  required  during 
the  extraction  and  separation  of  the  alkaloids. 

To  remove  the  oil  from  the  bark  after  the  agitation  is  complete, 
an  exhaust  pump  is  used.  Fig.  IV  shows  in  detail  the  section 
a,  b  ill  Fig.  II.  It  consists  essentially  of  two  iron  nettings  bolted 
tight  against  the  side  of  the  extractor  by  means  of  an  iron  frame- 
work.    One  of  these  nettings  is  very  coarse  and  heavy,  and  is  put 
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on  the  <)iit**i(U'  iif  thi-  fiiii:  tU'ttiiiK.  t1ui*«  kiT]»iiiK  the  uri>:ht  ••!'  the 
hark  frinn  ttMriii>;  the  fiiii-  netting  •iiid  the  exh.iii<^t  ]>iim{»  rr-tn 
hiil^iii^  it.      A  neither  >iniihir  attachment  can  he  put  <*n  the  ••;■;•- 
site  side  i»f  the  exlrii'tur  ifdesirwl. 

The  rir*»t  two  i-xtrai'tii'iis  nl  the  ehafKe  arr  rnn  inl«»  tin-  \%a*h'.r.i: 
tank,  the  last  une  ur  tu*i,  as  the  le-sts  liave  Innnd  to  rojiiirr  jrr 
run  into  another  tank  and  u**<-d  fur  the  tirst  extraition  4i(  j  r.«« 
ehar^e.  A  charKe  ofUirk  «*liouKI  nevi-r  lie  remo\eil  from  !hr  r\ 
trael'ir  until  the  su]H-rnileniK-nt  has  tested  it  h\  extr.u^:«<n  i-r  j 
Hiimple  ni  tlie  laUiratt>r>.  or  i%ashin^  with  thliite  sii!|draru*  ^^.i 
n  s.ini|»le  ol  the  hi^t  rliar>*i-  o|  «iil.  aiitl  |iri>*i|Mtatink;  the  a'*ikA!"r  S 
with  i.iiistii-  sitda  siihilion 

The  tent  liavin>:  |iri>\i-n  tlie  ^ark  i«'iii|ileli-l\  exhaiisto!.  the  c\ 
liaust  pumps  are  run  iiiitil  all  the  ml  is  run  utT  and  the  rvs:d:u-:a 
is  diM  hai>:ed  tri>ni  the  rxtrai'tor  thrniivih  the  nianh>>!e  /  :t'.'.->  j 
Car  ••!  pit  It  !*«  evitUnl  that  t)ie  i>i!  raniii>t  U-  i-n!:re!\  rxh^ustrii 
from  tile  tiark.  hut  the  ltis«»  i>%  s!;^ht  and  v^'iiM  ii<'t  pr>*n!aS*\  ^c* 
ri'i«*vi  r«'(l 
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a  tank.  »»M' h  a-  ^iMii  i!i  1'.*:    \"   win  re  •.:  '.'i  !:«  ated  w:th  the  d'.'.::!r 
sir.pIii:T:i    .!<  :•!     i     i^         S'.\  !>i:k:hl  ••n:ut-'«<>!   d:!n!t-  av  itt   Jire   rx 
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[Communications  prom  the  Chemical  Laboratory 

OP  Rutgers  College.] 

THE  UTILIZATION  OF  THE  ELECTRIC  LIGHT  CUR- 
RENT FOR  QUANTITATIVE  CHEMICAL 

ELECTROLYSIS. 

By  Josbph  S.  Stillwbll  and  Pbtbr  T.  Austen. 

To  apply  the  electric  light  current  to  electro-plating  and  chemi- 
cal determinations,  and  to  do  this  by  the  simplest  means  and  in  a 
manner  adapted  for  use  in  chemical  laboratories,  was  a  problem, 
the  solution  of  which  would  afford  so  great  a  convenience  in  the 
practice  of  analytical  chemistry,  that  we  deemed  it  well  worth 
study  and  investigation. 

The  use  of  electricity  for  the  purpose  of  quantitative  analysis  is 
of  recent  date.  Its  advantages  as  summed  up  by  Dr.  Alexander 
Classen  in  the  preface  to  the  second  German  edition  of  his  work 
on  this  subject,  entitled  **  Quantitative  Chemical  Analysis  by 
Electrolysis,"  are  as  follows  :  *'This  new  method  of  analysis  may 
now  be  considered  as  established  in  its  essential  points.  The 
great  advantage  of  quantitative  electrolysis,  apart  from  its  greater 
simplicity,  lies  unquestionably  in  the  fact  that  the  electric  current 
does  the  work  of  the  analyst,  setting  him  free  to  carry  on  other 
work.  Experience  has  shown  that  if  the  methods  are  correctly 
followed  out,  even  unskilled  analysts  obtain  results  that  experi- 
enced chemists  can  with  difficulty  reach  with  the  ordinary  methods 
of  gravimetric  analysis. ' ' 

The  first  essential  for  electrolytic  work  is  a  current  generator, 
and  the  practical  value  of  electrolytic  methods  in  general  labora- 
tories depends  much  upon  the  ease  and  cheapness  with  which  the 
current  is  produced.  There  are  three  classes  of  generators  in  use, 
the  thermopiles,  galvanic  batteries,  and  magneto-electric  machines, 
or  dynamos.  The  first  class,  the  thermo-electric  piles  of  Clamond 
and  of  Noe,  are  not  in  general  use,  and  Classen's  experience  with 
them  does  not  favor  their  application  to  analytical  work.  He 
says:  "They  do  not  give  a  current  strong  enough  for  most  de- 
terminations and  separations,  and  are  liable  to  fail  after  continued 
use,  and  then  can  be  repaired  only  with  difificulty,  often  not  at  all." 

Galvanic  batteries  are  in  common  use,  and  have  the  advantage 
of  low  first  cost,  of  being  easily  portable,  and  when  a  number  are 
to  be  had,  of  furnishing  currents  sufficiently  strong  for  all  purposes 
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of  analysis  ;  but  they  have  also  the  accompanying  disadvantages 
of  inconstant  current,  of  requiring  refilling,  and,  with  zinc  cells,  of 
amalgamation,  of  giving  off  offensive  fumes,  and  when  the  elec- 
trolytic work  of  a  laboratory  is  not  of  sufficient  magnitude  to 
warrant  constant  care  of  the  cells,  the  labor  and  inconvenience  of 
setting  up  the  battery  will  generally  offset  any  advantages  that 
this  method  possesses. 

Dynamic  currents,  or  currents  from  magneto-electric  machines, 
constitute  the  third  class.  Their  use  implies  either  the  possession 
of  a  dynamo  and  power  to  run  it,  or  else  the  use  of  wires  from  one 
located  elsewhere.  When  power  is  at  hand,  it  may  be  convenient 
to  use  a  small  dynamo,  but  even  this  demands  care  and  adjust- 
ment. It  cannot  be  left  to  run  over  night,  and  the  first  cost  is  an 
important  factor. 

The  electric  light  system  has  now  been  fully  established  as  one 
of  the  institutions  of  our  civilization  ;  and  there  is  hardly  a  city  of 
any  size  in  the  countr>'  where  the  central  station  and  its  radiating 
system  of  wires  may  not  be  found.  It  can  consequently  be  easily 
introduced  into  nearly  all  of  the  prominent  laboratories,  where  its 
use  is  by  no  means  confined  to  simple  illumination,  but  may  also 
be  applied  to  replace  the  calcium  light,  to  run  small  motors,  and  to 
furnish  electric  currents  of  convenient  strength  for  electrolysis  or 
other  purposes.  Any  system  of  electric  lighting,  even  arc  light 
systems,  can  put  in  two  wires  conveniently  located,  between  the 
terminals  of  which  there  will  be  a  difference  of  potential,  which, 
although  comparatively  high  (in  our  country  in  nearly  all  systems 
about  no  volts},  will  not  be  at  all  dangerous  to  handle  ;  a  safety 
plug  with  a  lead  large  enough  to  convey  power  to  run  only  nine 
sixteen  candle  power  lamps  will  guard  against  accidents. 

The  difference  of  potential  between  the  wire  terminals  will  be 

high,  that  is,  high  compared  to  the  potential  of  batteries  or  small 

dynamos,  and  to  reduce  the  large  current,  which,  according  to 

Ohm's  formula — 

Potential        K 

C       Current       

Resistance  -  -  R 

is  consequent  upon   this  high   potential,   was   the   object   to  be 
attained. 

The  particular  system  of  electric  lighting  used  in  New  Bruns- 
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wick,  and  furnished  to  the  College  Laboratory,  is  the  *' Edison 
three-wire,*'  or  ''neutral  wire"  system. 

In  this  there  are  three  main  wires,  and  consequently  three 
branches  are  led  into  the  building.  These  terminate  over  the 
laboratory  desk,  after  being  conducted  through  several  sockets, 
either  for  the  introduction  of  lamps  or  plugs,  and  by  means  of 
binding  screws  at  the  terminals,  the  wires  may  be  connected  and 
the  current  "put  on.*'  The  connection  should  not  be  made,  how- 
ever, unless  some  resistance  greater  than  that  of  the  armature  of 
the  generating  dynamo  is  in  the  circuit ;  otherwise,  what  is  called 
"short  circuiting*'  occurs,  and  something  must  give  way,  either 
the  plugs  are  "burned  out,*'  or  if  the  voltameter  happens  to  be  in 
circuit,  the  small  platinum  wires  of  that  instrument  are  melted. 
Either  occurrence  involves  trouble  and  delay.  The  current  also 
should  not  exceed  the  capacity  of  the  leads  in  the  plugs,  which 
for  nine  sixteen -candle  power  lamps  is  4.68  amperes.  The  resis- 
tance of  the  armatures  used  in  very  high  potential  systems  (arc 
light)  may  run  as  high  as  20  ohms  ;  of  low  potential  (no  volts) 
systems,  four  or  five  ohms  may  be  considered  the  maximum. 
Suitable  safety  plugs  should,  of  course,  be  provided,  but  for  elec- 
trolytic work,  however,  no  higher  than  a  No.  6  plug  is  demanded. 
The  high  potential  of  the  town  current  necessitates  the  use  of  re- 
sistances ;  coils  of  German  silver,  or  other  high  resistance  wire,  are 
the  usual  means  employed  for  reducing  current,  but  they  are  sub- 
ject to  the  attacks  of  the  laboratory'  fumes,  and  thus  become  coated 
and  unfit  for  use.  The  use  of  solutions  of  zinc  sulphate  and  other 
salts  as  resistances  is  subject  to  the  same  disadvantages  which  at- 
tend the  use  of  batteries  as  generators.  Counter  electro-motive 
force  was  tried,  and  a  series  of  cells  consisting  of  test  tubes  fur- 
nished with  lead  strips  and  filled  with  dilute  sulphuric  acid,  was 
put  in  circuit.  Each  cell  then  gave  a  little  over  two  (2)  volts 
potential,  and  thus  the  potential  of  the  town  current  could  be  op- 
posed and  changed  at  will,  but  the  spray  from  the  tubes  attacked 
the  connections  and  rendered  the  current  inconstant. 

Simplicity,  high  resistance,  durability  under  the  injurious  in- 
fluences of  a  laboratory  atmosphere,  were  the  requisites  demanded 
in  the  means  used  to  reduce  the  current ;  all  these  advantages 
were  found  in  the  incandescent  lamp,  to  which  may  also  he  added 
the  advantage  of  cheapness,  for  **  blackened  lamps"  Cthe  blacken- 
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are  for  blackened  lamps.  The  resistances  of  new  night  lamps  were 
found  to  varj'  from  750  to  800  ohms  when  cold.  The  above  re- 
sistances when  cold  were  measured  with  a  galvanometer  by  the 
Wheatstone  bridge  method,  when  hot,  with  the  voltameter,  calcu- 
lating from  the  current  indicated.  The  voltameter  will  give  re- 
sults accurate  enough  for  electrolytic  work,  for  Classen  says  :  **A 
current  of  a  certain  exact  strength  is  not  required  for  a  quantita- 
tive determination,  or  separation ;"  in  fact,  it  is  only  for  this  rea- 
son that  it  is  possible  to  conduct  analyses  by  electrolysis  without 
great  difficulty. 

The  resistance  of  two  lamps,  of  equal  resistance  when  hot,  when 
arranged  in  series  and  exposed  to  a  current  of  1 10  volts,  is  greater 
than  twice  the  resistance  of  one,  as,  when  one  is  singly  exposed  to 
the  current,  it  is  at  a  higher  temperature,  and  hence  has  less  re- 
sistance than  when  it  has  a  companion  to  share  the  force  of  the 
current.  Thus,  two  50  c.  p.  lamps,  when  placed  in  circuit  alone, 
each  gave  about  3.  i  amperes,  the  carbons  being  at  a  white  heat, 
but  when  placed  in  series,  the  carbons  were  only  a  bright  red  and 
the  current  was  1.13  amperes,  a  little  over  a  third  instead  of  half 
the  current  let  through  one  lamp.  The  measure  of  current  as  read 
directly  from  the  voltameter  is  the  cubic  centimeter  (cc.),  it  is  equal 
to  .0958  ampere.  It  should  be  remembered  in  calculating  that  the 
current  in  cubic  centimeters  must  first  be  reduced  to  amperes  before 
it  can  be  substituted  in  Ohm*s  formula.  Roughly  approximating, 
10  cc.  equal  one  ampere. 

The  currents  required  for  quantitative  chemical  analysis  var>' 
with  the  metals  to  be  separated  or  determined.  According  to 
Classen,  a  solution  of  iron  oxalate  requires  a  maximum  current  of 
20  cc.  per  minute,  while  bismuth  is  thrown  down  from  a  like  solu- 
tion by  a  current  of  only  o.  i  cc.  The  currents  required  vary  also 
wuth  the  solution  used  ;  thus,  copper  in  nitric  acid  solution  rctjuires 
4  to  5  cc  per  minute  ;  in  the  oxalate  solution,  o.i  to  0.2  cc.  only. 
Ammonium  oxalate  solutions  of  iron  require  15  to  20  cc;  of  cobalt 
and  zinc,  8  to  10  cc;  of  tin,  10  cc;  of  manganese,  9  to  10  cc; 
copper  and  cadmium,  0.2  cc;  silver  in  potassium  cyanide  solution 
requires  1.5  to  2  cc.  The  above  examples  are  specimens  of  the 
strengths  of  currents  demanded,  and  are  applicable  to  the  size  of 
electrodes  commonly  used  in  quantitative  electrolysis,  /.  <f.,  platinum 
dishes,  cones,  and  cylinders. 
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All  of  the  above  mentioned  currents  have  been  obtained  by  the 
use  of  incandescent  lamps  as  resistances  in  the  current  of  the  elec- 
tric light  system.  Moreover,  the  currents  thus  obtained  are  con- 
stant, they  are  always  at  hand,  and  can  be  turned  on  by  the  move- 
ment of  a  switch  ;  they  can  with  safety  be  left  to  operate  during 
the  analyst's  absence,  or  over  night,  something  which  can  rarely 
be  done  with  batteries  or  dynamos.  The  lamps  used  in  the  ex- 
periments for  the  reduction  of  the  electric  light  current  were  50, 
32,  24  and  16  candle  power,  all  blackened;  also  some  new  night 
lamps,  which,  however,  can  very  rarely,  if  ever,  be  obtained  in  a 
blackened  condition.  The  same  remark  applies,  in  a  lesser  de- 
gree, to  100  c.  p.  lamps.  These,  therefore,  if  desired,  must  be 
purchased,  but  the  others  will  answer  all  purposes.  Their  resis- 
tances and  the  causes  of  their  variation  have  already  been  given. 

The  following  currents  have  been  obtained  by  the  use  of  lamps 
in  series  (in  some  cases  a  single  lamp)  ;  the  i  lo-volt  current  was 
the  one  used  ;  if,  however,  it  be  necessary,  the  220-volt  current 
can  be  put  on  and  the  currents  given  below  somewhat  more  than 
doubled,  according  as  the  larger  current  heats  up  the  filament, 
and  thus  lessens  the  resistance.  Unless  otherwise  mentioned,  the 
lamps  used  were  all  blackened. 

33  cc.  were  obtained  by  introducing  into  the  circuit  a  new  100 
c.  p.  lamp  of  new  pattern. 

31     cc.  by  a    50  c.  p.  lamp,  old  pattern. 
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8.4  "  by  a    50  and  a  32  c.  p.  lamp. 

7.2  **  **   (2)  32  c.  p.  lamps,  new       " 

6.2  "  "    a    32  and  an  old  pattern  24  c.  p.  lamp. 

5.6  *'  *•  (2)  5o*s  and  a  32  c.  p.  lamp. 

4.4  "  •*   (4)  50  c.  p.  lamps. 

4.2  "  •'   (3)  32    '• 

3-7  "  "  (2)  32's  and  an  old  power  24  c.  p.  lamp. 

2.8  *'  '*    a     24  c.  p.  and  (2)  32  c.  p.  lamps. 

1.05"  "  (6)  25  c.  p.  lamps. 

0.64"  "  (5)  16  c.  p.  lamps. 
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For  currents  much  bdow  one  cc.  per  minute,  the  resistance  re- 
quired is  very  high,  and  hence  demands  a  number  of  lamps  of 
high  resistance.  Thus,  taking  i  ampere  equal  to  10  cc.  to  obtain 
a  current  of  o.i  cc.,  or  o.oi  ampere,  a  resistance  of  11,000  ohms 
must  be  put  in  the  iio-volt  circuit,  as  will  be  seen  by  the  formula 


C  = 


R 


or  substituting  o.oi  — - 


no 


R 


R  =  11,000  ohms. 


to  obtain  a  current  of  0.2  cc.  would  require  5500  ohms ;  of  0.3  cc., 
3660  ohms  ;  of  0.4  cc.,  2750  ohms. 

Now  as  the  resistance  (cold)  of  night  lamps  is  about  750  ohms, 
and  of  blackened  16  c.  p.  lamps  about  400  ohms,  it  will  be  seen 
that  whichever  is  used,  a  large  number  (of  night  lamps  16,  of  16 
c.  p.*s,  30)  will  be  required  for  a  current  of  o.i  cc.  This  would  be 
troublesome,  hence,  an  expedient  was  resorted  to  which  not  only 
enabled  us  to  obtain  very  small  currents  with  but  few  lamps,  but 
also  to  obtain  several  currents  varying  widely  in  strength  (from 
20  to  O.I  cc.)  at  the  same  time.  The  above-mentioned  limits  can 
be  increased,  if  necessary,  but  they  are  the  extremes  demanded 
for  electrolysis  with  the  usual  apparatus. 
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This  expedient  and  the  principle  upon  which  it  depends  may  Ije 
explained  by  the  aid  of  the  accompanying  figure  (Fig.  i).     Let 

**  I,  2,  3,  4,  5  "  represent  a  series  of  lamp-sockets  on  the  circuit  -\ ; 

suppose  each  socket  to  be  furnished  with  binding  screws,  so  that 
a  side  current  as  a,  d,  c,  around  socket  2,  can  be  taken  around  it. 
Suppose,  also,  that  five  lamps  of  equal  resistance  be  screwed  in 
the  sockets,  and  the  no-volt  current  be  passed  through  the  cir- 
cuit. Then  the  potential  of  the  side  current  a,  b,  c  will  be  a  frac- 
tion of  the  potential  of  the  main  current  -| wliose  enumerator 
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ohm  lamp  C  will  be  one-fifth  of  1 10  ohms,  or  22  ohms ;  hence, 
this  latter  circuit  will  give  the  smaller  current  for  equal  resistances 
in  the  proportion  of  i  to  4.  It  is  easily  seen  that  by  increasing 
the  number  of  lamps  in  the  main  circuit,  several  side-currents  can 
be  operated,  or  side-currents  can  be  taken  around  lamps  which  are 
in  other  side-currents,  and  the  potential  carried  to  an  infinitesimal 
if  desired.  By  placing  three  50-candle  power  lamps  in  the  main 
circuit  in  series,  and  introducing  in  the  side-current  around  one 
of  them  three  (3)  night  lamps,  and  carrying  a  plain  wire  of  no  re- 
sistance around  another,  we  obtained  in  the  night  lamp  circuit  a 
current  of  0.22  cc,  and  in  the  plain  wire  circuit  a  current  of  11.4 
cc.,  or  51  times  as  large. 

If  very  large  currents  are  desired,  say  from  4  amperes  up,  50- 
candle  power  lamps  may  be  placed  in  parallel,  each  lamp  will  let 
through  from  two  to  three  amperes,  according  to  the  pattern. 
Side-currents  may  be  taken  from  these  lamps,  and  resistances  in- 
troduced as  usual,  thus  allowing  the  simultaneous  running  of 
larger  and  smaller  currents  than  can  be  obtained  by  the  series 
arrangement. 

With  two  currents  of  different  strengths  running  at  the  same 
time,  the  increasing  of  the  smaller,  or  side-current,  was  not  found 
to  diminish  the  larger,  or  main  current.  Thus,  when  the  main 
current  was  11.4  cc.  per  minute,  the  side-current  was  increased  by 
the  subtraction  of  resistances  from  0.22  to  6  cc,  without  any  sen- 
sible effect  on  the  main  current. 

The  following  diagram  and  explanation  will  descrilxi  the  ar- 
rangement of  lamps  and  wires  necessary  to  obtain  current  sufficient 
for  quantitative  electrolysis.  The  whole  apparatus  can  be  made 
from  a  few  yards  of  insulated  copper  wire,  some  16  wooden  lamp 
sockets,  and  blackened  lamps,  say  six  5o-can(llc  power,  three  32- 
candle  power,  six  24-candle  power,  and  six  i6-candle  power. 
Night  lamps  may  also  be  added,  but  as  they  are  rarely  returned 
to  the  stations  in  a  blackened  condition,  old  ones  cannot  be  ob- 
tained, and  new  ones  must,  of  course,  be  paid  for.  The  above 
outfit  will,  however,  answer  all  purposes.  Some  binding  screws, 
connections,  and  plugs  will  also  l)e  necessary  in  addition  to  those 
which  are  put  in  with  the  electric  light  wires. 
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The  main  wires  +,  -r,  —  (Fig.  3),  are  furnished  with  sockets 
A,  By  Cfor  the  introduction  of  safety  plugs,  which,  for  the  small 
currents  used  in  electrolytic  work,  need  not  exceed  6  lamp  leads. 
The  main  wires  terminate  in  binding  screws,  by  which  they  are 


connected  with  the  series  of  sockets  1,  2,  3,  4,  5.  In  these  the 
lamps  for  reducing  the  main  current  are  placed,  and  if  only  one 
determination  or  like  determinations  are  required  to  be  made,  only 
this  series  will  be  necessary  if  ordinary  currents  are  required.  If, 
however,  two  or  three  diflferent  determinations,  or  some  requiring 
very  small  currents  are  to  be  made,  side-currents  can  be  formed,  as 
around  sockets  2  and  4,  and  the  current  brought  to  the  desired 
size  by  the  introduction  of  resistances  in  the  series  of  sockets  E 
and  F;  K  and  L,  will  represent  the  proper  position  of  the  solutions 
to  be  electrolyzed  by  these  side-currents. 

By  this  arrangement  three  unlike  determinations  can  be  simul- 
taneously made,  one  in  the  main  circuit,  and  one  in  each  of  the 
side-series.  It  is  not  probable  that  a  large  number  will  be  re- 
quired to  be  made  at  any  one  time,  but  if  such  should  be  the  case, 
other  sets  of  sockets  may  be  put  up  and  potentials  be  taken  over 
other  lamps.  The  sockets  may  be  placed  on  the  wall  above  the 
desk,  the  wires  leading  down  to  the  solutions  to  be  electrolyzed. 
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This  seems  to  be  the  most  convenient  arrangement,  but  others 
may  be  adopted,  as  best  fitted  to  the  place  or  operation,  or  as 
suited  to  the  taste  of  the  operator.  The  above  arrangement  can 
also  be  adapted  to  the  parallel  system  by  breaking  the  connection 
of  the  sockets  used,  with  each  other,  and  connecting  each  one 
separately  with  the  binding  posts  of  the  main  wires. 

The  current,  as  described  above,  comes  from  the  Edison  ''three- 
wire'*  system.  The  wires  of  any  other  incandescent  system  may, 
of  course,  be  used,  and  the  plans  given  here  will  apply  as  well, 
save  that  the  neutral  wire  is  a  feature  of  the  Edison  system.  The 
lamps  used  in  these  experiments  were  all  of  the  Edison  pattern. 
The  resistance  of  lamps  of  other  makes  will,  of  course,  differ. 
However,  it  is  an  easy  matter  to  determine  the  resistance  of  a  lamp, 
and  when  once  found,  the  lamp  can  be  marked,  and  will  remain  a 
practical  standard  for  some  time.  The  lamps  which  we  have  used 
constantly  in  our  experiments  for  some  months  have  not  sensibly 
changed  their  resistance.  It  should  be  remembered  that  there  is 
a  constant  tendency  to  increase  the  resistance  of  incandescent 
lamps,  and  thus  cheapen  the  cost  of  illumination.  It  is  expected 
that  the  resistance  may  be  doubled  for  the  same  candle-power 
lamp.  For  the  taking  off  of  side-currents,  lamps  of  low  resistance 
are  needed  in  the  main  current,  in  order  not  to  weaken  it  too 
much  ;  hence,  old  patterns  of  100  and  50-candle  power  lamps 
should  be  sought  for  this  purpose,  as  they  have  lower  resistance 
than  newer  patterns. 

The  cost  of  the  electric  current  may  be  placed  at  about  one  cent 
per  hour  for  a  current  of  three-quarter  ampere,  or  7*2  cc.  As  most 
determinations  do  not  require  a  current  much  exceeding  this,  it 
cannot  be  called  expensive,  even  setting  aside  its  other  advantages 
of  convenience,  etc.  In  view  of  the  contemplated  increase  of  re- 
sistance in  the  carbon  filament,  it  may  be  expected  that  the  cx)st 
of  the  current  may  be  considerably  lessened. 

It  was  not  our  purpose  to  enter  upon  the  investigation  of  quan- 
titative electrolysis,  as  given  by  Classen  himself.  His  name  is 
sufficient  to  vouch  for  the  excellence  of  his  methods.  We,  how- 
ever, have  endeavored  to  furnish  a  means  that  would  render  the 
prosecution  of  these  methods  of  analysis  an  easier  task  than  when 
the  chemist  is  dependent  on  batteries  and  other  generators  requir- 
ing care  and  expense,  and  we  are  convinced  thai  the  electric  light 
current  will  answer  this  purpose. 
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"meat"  is  lost  by  becoming  entangled  in  the  hulls  and  failing  to 
separate ;  on  this  account  the  oil-yield  is  lower  by  several  gallons 
per  ton  than  that  from  the  naked  seed,  and  the  yield  of  *'cake"  is 
less  as  it  contains  no  hulls.  The  American  seed  will  not  stand 
storage  nor  shipment  well  (especially  export),  as  moisture  ab- 
sorbed by  the  fibrous  envelope  will  enable  fermentation  to  set  in. 

The  process  for  the  treatment  of  American  seed  is  briefly  as  fol- 
lows :  They  are  (i)  run  through  *  Winters,*'  which  remove  as  much 
as  possible  the  cotton  which  has  been  left  on  the  seed  by  the  gin  ; 
(2)  decorticated  by  a  machine  which  cuts  the  seed-coat,  whereupon 
the  **meat'*  and  the  ** hulls'*  fall  apart ;  (3)  separated  by  passing 
through  an  inclined  revolving  screen  having  meshes  which  allow 
the  **meat*'  to  fall  through,  while  the  ** hulls"  are  retained  and 
roll  out  at  the  lower  end  ;  or  by  means  of  an  air  blast ;  (4)  the 
**meat"  is  heated  and  pressed.  The  hulls  are  burned,  and  the 
ash,  rich  in  potash,  has  a  market  value. 

All  mechanical  methods  which  have  been  devised  to  strip  the 
seed  of  its  fiber  have  proved  unsuccessful,  either  from  imperfect 
performance  or  lack  of  speed. 

The  chemical  process  described  below  was  devised  some  time 
since  (U.  S.  Pat.  344,951)  by  the  author  and  N.  W.  Perry,  E.  M. 
It  has  never  been  tried  commercially,  but  its  success  is  perfect  on 
a  i^all  scale. 

The  seed  after  linting  are  subjected  to  the  action  of  N.^O.,  and 
SO,,  either  in  the  above  order  or  mixed  together  ;  enough  air  at- 
tending them  to  **  regenerate  "  the  NO.  This  is  probably  best  ac- 
compli.shed  by  having  the  seed  descend  a  chute  slowly  through 
which  a  current  of  N^O,  is  ascending,  and  then  into  a  chute  where 
SO^  and  air  are  ascending  ;  or  they  may  descend  through  a  chute 
having  an  ascending  current  of  N^Oj,  SO.^,  and  air.  After  a  few 
seconds'  exposure  to  these  gases  under  pr()[)er  conditions,  the  fiber 
on  the  seed  has  changed  very  little  in  appearance,  but  its  structure 
is  so  completely  destroyed  that  the  slightest  friction  causes  it  to 
fall  into  an  impalpable  powder.  The  seed  are  left  perfectly  smooth, 
showing  no  signs  of  corrosion.  They  have  a  slight  acid  reaction 
on  the  outside,  but  the  acid  is  speedily  removed  by  washing.  The 
seed-coat  is  very  hard,  and  is  impervious  to  the  gases.  No  trace 
of  acid  has  ever  been  discovered  in  the  interior.  The  seed  germi- 
nate very  quickly  if  planted.     The  acidity  ma>-  also  be  removed 
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to  i.cx)3  density,  until  a  sample  of  the  solution  gives  no  gold  re- 
action with  an  acidulated  solution  of  stannic  chloride.  The  solu- 
tion containing  the  gold  is  then  heated  in  wooden  tanks  by  steam 
to  160  degrees  Fahrenheit,  and  the  gold  precipitated  by  means  of 
ferrous  sulphate,  sodium  sulphide,  or  sulphurous  acid,  a  small 
quantit>'  of  acetate  of  lead  being  added  during  the  precipitation  to 
insure  the  saving  of  all  the  gold.  The  cost  of  working  tailings 
containing  41.82  grains  of  gold  (about  4  grains  left  in  the  residues) 
was  not  25  cents  per  ton.  A  richer  ore  containing  523.62 
grains  gold  per  tons  (6.02  grains  left  in  the  residues)  cost  only 
2.69  per  ton  for  treatment. 

In  connection  with  the  subject  of  bricking  and  roasting  certain 
classes  of  auriferous  sulphides,  the  attention  of  metallurgists  being 
now  specially  directed  to  this  method  of  handling  low-grade  ores, 
it  will  perhaps  be  remembered  that  a  very  ingenious  method  was 
devised  by  Capt.  Crosby,  superintendent  of  the  North  Barrier 
gold  mine,  Cabarrus  county,  N.  C,  somewhere  about  1867.  It 
consists  in  the  erection  of  a  rectangular  kiln,  well  lx)und  together, 
and  comparable  to  the  old  style  charcoal  ftiniaces  in  outside  ap- 
pearance, say  4x10  feet  inside  measurement,  with  fireplaces  on  the 
ends,  and  frame  doors  for  the  removal  of  the  roast  product  in  the 
front  and  rear  at  the  base. 

The  interior  was  supposed  to  be  filled  with  a  mixture  of  sul- 
phurets  and  clay,  made  into  a  brick-like  paste  in  the  ordinary  pug 
mill  with  the  admixture  of  chopped  hay  or  kindred  substances. 
In  order  to  provide  draft  for  the  firing,  the  mass  of  paste  rested 
upon  grate  bars,  and  one-tenth  of  the  interior  was  taken  up  by 
spaces  formed  by  the  standing  on  end  of  numerous  round  bars  of 
iron,  which  were  removed  when  the  paste  had  sufTicieiitly  set  and 
as  firing  progressed. 

These  ores  are  crushed  to  12  mesh,  mixed  with  5  to  S  per  cent. 
fresh  burned  lime,  and  made  into  bricks  of  convenient  shape  for 
stacking  in  an  ordinary  brick  kiln.  The  entire  process  then 
hinges  upon  careful  firing,  by  which  all  the  snli)hides  are 
converted  into  soluble  sulphates,  and  from  this  jxnnt  any  of  the 
before- mentioned  methods  of  handling  the  sohitions  are  api)licable 
in  the  recover>"  of  the  copper,  gold  and  silver.  If  some  portion  of 
the  process  would  yield  sulphuretted   hydrogen   gas  cheai)ly,   it 
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hard  lumps,  and  could  be  used  for  blast  furnace  material,  or,  by  a 
subsequent  treatment,  fitted  for  the  best  grades  of  paint. 

The  residues  containing  gold  and  silver  would  be  in  most  con- 
venient shape  for  treatment  by  several  methods. 

The  method  employed  in  the  large  way  for  treatment  of  the 
copper  residues  in  England  and  continental  works,  known  as  the 
Henderson  process,  consists  in  pulverizing  the  residues  from  the 
kilns  to  pass  a  twenty-mesh  screen,  during  which  operation  crude 
salt  is  added  to  the  extent  of  250  to  300  pounds  per  ton  of  cinders. 
This  prepared  material  is  then  roasted  in  a  muffle  furnace  for  five 
hours,  the  air  being  excluded  until  all  its  copper  is  known  to  be 
soluble  in  water.  An  excess  of  salt  present  causes  the  com- 
plete solution  of  the  silver,  and  in  some  unknown  way  the 
gold  goes  into  solution.  The  roasted  charge  is  cooled,  then 
dumped  into  vats  or  tanks  which  have  false  bottoms,  and  leached 
with  a  liquor,  the  product  of  the  fumes  from  the  roasting  furnaces 
caught  in  coke  towers  through  which  water  is  dripped — a  weak 
hydrochloric  acid. 

The  first  three  washings  of  the  ore  charge  are  taken  off  for  depo- 
sition of  the  silver  and  gold  by  the  Claudet  process,  and  the  liquor 
is  then  run  into  tanks  for  the  deposition  of  its  contained  copper  by 
means  of  iron. 

The  simplicity  of  the  plant  and  perfect  control  which  can  l)e 
exercised  over  the  necessary  operations  for  conversion  of  sulphides 
into  soluble  chlorides,  recommends  this  process  to  practical  men, 
and,  as  the  patents  have  expired,  it  is  now  open  to  use  wherever  the 
ores  are  suitable 

During  the  past  few  years  there  have  been  several  practical  in- 
troductions of  electrolytic  methods  for  treatment  of  ores  and  mattes, 
containing  gold,  silver,  copper,  etc.,  their  publication  by  the  tech- 
nical press  bringing  them  to  general  notice. 

A  ver>'  important  innovation  on  existing  methods  comes  to  us 
lately  from  the  German  scientist,  Dr.  Hopfncr,  who  proposes  no 
less  than  direct  conversion  or  reduction  of  copper,  silvL*r,  etc., 
from  their  ores,  by  means  so  simple,  regular,  and  inexpensive,  as 
to  make  available  many  deposits  of  minerals  at  present  of  no  com- 
mercial value. 

An  outline  of  this  process,  the  fundamental  principle  of  which 
is  the  use  of  chlorides,  will  prove  to  observant  students  how  nearly 
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eously  with  the  copper,  the  silver  contained  in  the  ores  goes  into 
solution,  which  is  not  the  case  when  other  extraction-liquids  are 
used,  for  example,  ferric  sulphate.  The  silver  contained  in 
the  lyes  is  separated  by  itself,  either  galvanically. — it  detaches 
itself  at  the  first  cathode  plates  of  the  first  bath, — or  chemically 
before  the  copper  precipitation.  The  resultant  copper  is  conse- 
quently chemically  pure.  The  quantity  of  copper  which  can  be 
precipitated  in  this  Hopfner  process  by  a  mechanical  horse-power 
=  690  volt  amperes,  with  a  pole-tension  of  0.8  volt,  and  with  a 
sufficient  number  of  baths,  amounts  to  43.9  kilograms  (96.58  lbs), 
the  current  loss  being  10  per  cent.  Then,  as  in  every  ampere 
hour  2.36  gms.  of  copper  are  precipitated,  the  amount  of  copper 
precipitated  in  a  period  of  twenty-four  hours  with  one  volt  tension 

will  be 

690x2.36x24 

=  48.8  kilogrammes  (107.36  lbs.). 

1000x0.8 

A  loss  of  10  per  cent,  deducted  from  the  above  calculated  quan- 
tity of  48.8-4.9  =  43,9  kilogrammes  (96.58  lbs.)  per  horse  power 
per  day  is  given.  By  the  use  of  larger  machinery  installations, 
and  by  reckoning  a  fourth  of  the  total  work  necessary  on  the  req- 
uisite pumps  and  also  on  the  mechanical  motion  of  the  lixiviating 
apparatus,  and  three-fourths  on  the  electro-dynamic  power,  it  is 
shown,  taking  30  kilogrammes  (66  lbs.)  of  coal  per  horse  power, 
and  10  per  cent,  current  loss,  that  almost  33  kilogrammes  (72.6 
lbs.)  of  chemically  pure  copper  are  obtained  from  pulverized  raw 
ore  with  30  kilogrammes  (66  lbs.)  of  coal.  This  is  a  result  which 
has  never  hitherto  been  obtained  and  it  finds  a  use  for  even  the 
very  poorest  copper  ore.  It  is  clear  from  the  foregoing  that  the 
Hopfner  process,  which  is  already  in  application  in  Saxony.  West- 
phalia, and  Norway,  is  technically  worked  out  to  the  smallest  de- 
tails, and  in  all  probability  it  will  soon  establish  for  itself  a  high 
reputation. 

There  are  numberless  suggestions  which  might  Ix?  taken  from 

the  workings  of  the  trained  metallurgists  of  the  world  and  applied 

to  successful  utilization  of  the  ores  of  the  United  States. 

ist.  A  railway  center  is  indispensable,  contiguous  to  or  within 

reasonable  distance  of  minerals,  such  as  copper,  zinc,  lead,  etc., 

with  more  or  less  gold  and  silver. 
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placed.  What  would  be  the  result  of  working  mine  ores  of  treble 
value  when  the  sulphur  alone  would  pay  for  all  costs  of  extrac- 
tion ?  The  working  cost  of  the  ores  mentioned  is  not  greater  than 
$3  per  ton,  and  there  are  millions  of  tons  of  ores  in  the  Sojuthem 
States  which  will  be  worked  for  less  than  that  sum  when  Western 
methods  are  brought  to  bear  on  this  problem. 

At  the  Haile  mine,  in  South  Carolina,  there  is  a  complete  plant 
for  the  crushing  and  concentrating  of  the  gold  ores  found  so  abun- 
dantly on  that  belt.  The  concentrates  are  about  6  per  cent,  of  the 
stamp  stock,  and  will  assay  about  $35  per  ton  raw.  These  con- 
centrates are  worked  by  roasting  and  chloridizing  for  alx)ut  $3.50 
per  ton,  with  a  result  of  95  per  cent,  assay. 

We  thus  have  a  basis  for  calculation  (which  cannot  be  con- 
founded with  the  generalizing  so  frequently  the  basis  for  remarks 
of  this  character)  which  enables  us  to  make  the  positive  statement 
that  sulphuric  acid  works  could  be  run  on  this  class  of  material 
with  the  following  result : 

Working  statement  of  a  metallurgical  process  on  sulphurets 
containing  gold,  by  which  the  sulphuric  acid  is  first  saved  and  the 
ores  then  chloridized  by  the  **Thies*'  method  : 

Products. 

17  tons  chamber  acid  at  $10 {170.00 

6  tons  iron  residue  at  $2 12.00 

Gold,  95  per  cent,  of  assay  value 332.50 

Total  value  of  product ;^5 14.50 

Costs, 

10  tons  of  concentrates,  from  stamps  and  van- 

ners,  charged  to  works  at  assay  value,  (35,    fo50.oo 

Less  loss  in  treatment,  $1.75 i7-5o 

Net  value  of  concentrates {332.50 

Less  charges  for  working  at  $10 100.00 

Net  cost  of  the  ore  to  works {232.50 

Costs  of  manufacture  of  acid,  as  per  cost-sheet 

in  my  former  article    ........        38.25 

Cost  of  chloridizing  the  roasted  product  to  ol> 

tain  pure  gold  at  $3 30.00 

Total  cost  on  10  tons  concentrate #300,75 

The  net  profit  to  the  metallurgical  works  is,  daily  .    .    .     {213.75 
Or,  {2i,37>^  per  ton  of  ore  treated. 
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lined  with  brilliant  tin-white  crystals,  which  penetrated  about  half 
an  inch  into  the  surrounding  matte.  By  careful  crushing  of  the 
matte  and  separation  with  a  magnet,  a  few  grams  of  these  crystals 
were  obtained  suflBciently  pure  for  analysis. 

The  crystals  resembled  nothing  so  much  as  small  comer  cuttings 
of  very  thin  tin-foil,  varying  in  size  from  a  few  lines  to  perhaps 
half  an  inch  on  the  longest  edge.  The  form  was  universally  that 
of  a  right-angled  isosceles  triangle,  though  twinned  crystals  were 
often  met  with. 

CRVtTAU  Of  FERRO-NICKEL. 

On  examination  with  a  lens  no  striation  or  crystalline  markings 
were  found  on  the  surface  of  the  crystals,  except  occasional  cubi- 
cal or  square  flat  crystals  of  pure  copper.  The  cr>'stals  of  ferro- 
nickel  were  very  strongly  magnetic,  and  exceedingly  tough  and 
flexible.  They  were,  however,  so  thin  that  it  was  impossible  to 
determine  anything  in  regard  to  their  hardness,  it  being  difficult 
to  see  whether  the  cut  made  by  a  knife  was  due  to  scratching  or 
shearing  by  the  steel.  Owing  also  to  their  size  and  lack  of  con- 
tinuity no  determination  could  be  made  of  their  tensile  strength. 

The  cr>'stals  were  either  insoluble  or  very  slightly  soluble  in 
dilute  or  strong  hydrochloric  or  sulphuric  acid,  whether  hot  or 
cold,  and  very  slowly  soluble  in  cold  dilute  nitric  acid.  In  hot 
dilute  nitric  acid  they  were  readily  soluble,  also  in  aqua  regia. 
In  no  case  was  any  trace  of  siliceous  or  carbonaceous  residue  no- 
ticed after  solution  of  the  alloy.  Analysis  of  two  selected  samples 
was  as  follows : 

No.  I.  No.  2. 

Copper 4.89  3.64 

Iron 43.3  44.0 

Nickel 52.1  52.4 

itx\29         i(X).(>4 

Both  analyses  are  a  trifle  high,  owing  to  the  smallness  of  the 
samples  taken.  As  is  evident  from  the  variation  in  copper,  as 
well  as  its  cr>'stallizing  on  the  surface  of  the  alloy,  copper  seems 
to  be  a  foreign  element.  Eliminating  this,  and  recalculating 
analysis  of  lot  No.  2  to  100  per  cent.,  we  have  : 
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Iron 45.64 

Nickel 54.36 


lOO.CX) 

This  corresponds  very  nearly  to  the  formula  Ni^Fcg. 

The  matte  from  which  these  scales  separated  differed  neither  in 
appearance  nor  method  of  production  from  any  low  grade  copper- 
nickel  matte.  Analysis  of  the  day's  run  of  matte  showed  an 
average  of  18.75  P^^  cent,  copper  and  16.63  P^^  cent,  nickel.  As 
a  general  rule,  no  variation  in  percentage  of  metal  is  noticed  be- 
tween top  and  bottom,  center  or  outside  of  a  pot  of  matte.  In 
this  case,  however,  a  segregation  of  constituents  can  be  seen. 


CROM-8ECTION  OF  A  POT  OF  MATTE  tHOWINQ  CAVITY 
AND  LOCATfON  OF  ANALYSEt. 

A ,  Scales  in  cavity  at  center. 

B,  matte  immediately  surrounding  scales. 

C,  matte  6  inches  from  the  scales. 

A.  B.  C. 

Copper 3.64  17.94  19.82 

Nickel 52.4  14.50  15.00 

Iron 44.0  37.75  36.35 

Sulphur 0.0  28.87  27.21 

It  will  be  noticed  that  nickel  shows  the  greatest  segregation, 
that  element  seeming  to  withdraw  suddenly  from  the  matte  at  B 
to  unite  with  the  iron.  Copper  appears  to  have  been  forced  toward 
the  outside  of  the  pot  to  make  room  for  the  inward  flow  of  nickel. 

I  have  very  often  noticed  that  a  growth  of  copper  crystals  will 
form  on  the  surface  of  a  piece  of  matte  broken  when  hot,  the  crys- 
tals often  forming  in  a  few  hours,  but  I  have  never  before  noticed 
a  similar  growth  of  nickel  or  ferro-nickel  crystals.  I  would  be 
much  interested  to  hear  through  the  columns  of  this  Journal  from 
any  chemist  of  similar  phenomena  falling  under  their  own  obser- 
vation. 


[Contributions  prom  the  Chemical  Laboratory.  U.  S.  Depart- 
ment OF  AGR1CUI.TURE,  NO.  XX.] 

Read  before  the  Washington  Chemical  Society,  February  ii,  1892. 
Communicated  to  this  Journal  by  H.  W.  Wiley. 

THE  BEHAVIOUR  OF  SUGAR  SOLUTION 

WITH  ACETONE. 

By  William  H.  Kruo  and  K.  P.  McElroy. 

Acetone  and  water  are  perfectly  miscible  in  all  proportions  at 
ordinary  temperatures.  If  we  take  such  a  mixture  of  acetone  and 
water  containing  more  than  lo  per  cent,  of  acetone  and  add  small 
quantities  of  sugar,  dissolving  the  latter  after  each  addition,  we 
will  reach  a  point  where  upon  the  next  addition  of  sugar  the 
acetone  separates  out  in  a  clear  layer  floating  on  the  sugar  solu- 
tion. We  can  continue  to  add  sugar  until  the  water  is  saturated. 
It  will  then  still  contain  a  small  percentage  of  acetone  which  is 
soluble  even  under  these  conditions.  On  account  of  the  highly 
viscous  nature  of  a  saturated  sugar  solution,  it  is  impossible  to 
determine  the  amount  of  acetone  soluble  in  it  wMth  any  accuracy. 
For  75  degrees  C.  it  is  approximately  9.5  per  cent. 

From  the  above  it  is  apparent  that  we  can  not  determine  the 
solubility  of  sugar  in  mixtures  of  acetone  and  water,  but  that  we 
must  exactly  reverse  the  problem,  /.  c,  determine  the  solubility  of 
acetone  in  sugar  solutions  of  var>nng  concentration. 

Sucrose  is  absolutely  insoluble  in  pure  acetone.  The  acetone 
used  boiled  at  57.5  degrees  C. 

The  following  method  was  devised  for  determining  the  solubilitj' 
of  acetone  in  sugar  solutions  : 

25  gms.  of  a  sugar  solution  of  known  strength  were  rapidly 
weighed  into  a  small  flask,  a  small  thermoineter  inserted,  and 
the  flask  closed  with  a  rubber  stopper.  The  whole  apparatus  was 
then  weighed.  It  was  brought  to  the  required  temperature  and 
acetone  added  in  small  quantities  from  a  burette,  the  flask  being 
stoppered  and  shaken  between  each  addition.  The  flask  and  con- 
tents were  carefully  kept  at  the  required  temperature  throughout 
the  whole  experiment.  The  first  quantities  added  di.ssolved  quickly, 
forming  a  clear  liquid.  As  .soon  as  the  point  of  saturation,  how- 
ever, was  reached,  the  next  drop  would  cause  a  milkiness,  which 
on  standing  resolved  itself  into  minute  globules  of  acetone.  It 
was  thus  ver>^  easy  to  obtain  the  point  of  saturation.     The  fla.sk 
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was  thi-ii  st(i|>|H*ri'il  niul  wci^^hcd  a^aiii  .iiid  the  wi-i^'li!  <i!'  the 
tmii'  a<lfK-iI  tnuiid  by  (lifR-ri-iuv. 
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REPORT  OF  THE  COMMITTEE  ON  SPELLING  AND 
PRONUNCIATION  OF  CHEMICAL  TERMS.* 

During  the  past  four  years,  your  committee  has  sought  to  obtain 
from  the  members  of  this  Section,  from  leading  American  Philolo- 
gists, and  from  American  Chemists  in  general,  an  exhaustive  and 
thoroughly  representative  expression  of  opinion  on  the  questions 
coming  within  the  scope  of  its  commission,  which  has  been  essen- 
tially the  attainment  of  uniformity  in  the  orthography  and  pro- 
nunciation of  the  terms  used  in  our  science. 

Three  preliminary  reports  were  distributed  to  American  Chem- 
ists in  the  years  1889,  ^^9^  ^^^  1891,  inviting  extended  criticism 
and  suggestion. 

The  substance  of  the  replies  to  these  was  carefully  digested  and 
submitted  to  the  Chemical  Section  each  year  for  detailed  discus- 
sion and  decision. 

The  present  and  final  report  of  your  committee  embodies  the 
results  of  these  four  years  of  correspondence  and  discussion,  as 
completed  by  the  sectional  action  at  the  present  meeting  of  the 
Association.  It  is  presented  in  the  hope  that  all  chemists,  espec- 
ially those  engaged  in  teaching,  will  cordially  unite  in  the  effort 
to  bring  about  the  desired  uniformity  in  usage. 

The  reasons  for  the  adoption  of  a  few  more  radical  changes  in 
our  nomenclature  are  to  be  found  in  the  report  for  1 890.  Those 
specially  interested  in  the  subject  who  have  not  attended  the  recent 
sessions  of  the  Association  may  freely  corresix)nd  with  individual 
member  of  the  Committee,  who  will  gladly  furnish  more  detailed 
explanation  of  the  principles  involved. 

The  following  summary  of  rules  is  not  to  be  regarded  as  final. 
Your  committee  recognize  the  fact  that  after  a  fair  trial  for  a  de- 
cade or  even  less,  certain  modifications  will  in  all  probability  Ix? 
generally  regarded  as  desirable. 

In  conclusion  the  committee  express  their  sincere  thanks  to 
their  many  colleagues  throughout  the  land,  who  have  so  promptly 
and  fully  responded  to  the  successive  recjuests  for  data,  suggestions 

and  opinions. 

T.  H.  Norton, 
Kdwakd  Hart, 
H.  Carrinoton  Boi/roN, 

J  AS.   hKWIS  IIOWK. 

'From  advance  sheets  of  the  Proceedings  of  the  American  Assuciation  for  the  Advancc- 
WMt  of  Science.  Washington  Meeting,  i^y'- 
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bi'srauth  (biz)  didy'mium  lead  phtts'phoriis 

bo'ron  e'rbium  H'thium  plS'tinum 

bro'mln  flu'orhi  magne'siiim  potX'ssium 

c&'dmium  gS'llium  (zhium)  rlio'dium 

c&'lcium  germa'nium  ma'nganese  rubrdiutn 

ca'rbon  glu'cinum  (eze)  riithc'nium 

ce'riura  gold  me'rcury  sama'rium 

cc'sium  hy'drogen  moly'bdeuum  scX'ndium 

chlo'rin  I'ndium  nt'ckel  sCle'nium 

sT'licon  sii'lfur  tho'rium  v&na'dium 

silver  tantalum  tin  ytte'rbium 

so'diiim  tellii'rium  tUa'niuni  y'ttrium 

strfi'ntium  te'rbium  tii'ngsten  zinc 

(shium)  thS'llium  ura'nium  zirco'nium 

Also:  amnio'nium,  phospho'nium,  hS'logen,  cy^'no- 
gen.    aml'dogen. 

Note  in  the  above  list  the  spelling  of  the  halogens,  cesium 
and  sulfur;  f  is  used  in  the  place  of  ph  in  all  derivatives  of 
sulfur  (as  sulfuric,    sulfite,    sulfo-,    etc.) 

TERMINATIONS   IN   -IC. 

The  vowel  of  the  penult  in  polysyllables  is  short  (as  cy  ^'nic, 
fumS'ric,  arsC'nic,  sill'cic,  16'dic,  buty'ric),  except  (i) 
U  when  not  Ijefore  two  consonants  (as  niercii'ric,  prii'ssic), 
and  (2)  when  the  penult  ends  in  a  vowel  (as  benzo'ic,  olc'ic)  ; 
ill  dissvllables  it  is  long  except  before  two  consonants  (as  bo'ric, 
cl'tric). 

Exceptions:   ace'tic  or  acS'tic. 

The  termination  -Ic  is  used  for  metals  only  where  there  is  a 
contrast  with  -OUS  (thus  avoid  aluminic,   amnionic,  etc.). 

TERMINATIONS   IN   -OUS. 

The  accent  follows  the  general  rule  (as  p  1 X'  t  i  n  o n  s ,  s li'  1  f u  - 
rous,   ph5'sphorus,   coba'ltous).     Exception:  acc'tous. 


Fate,  fat,  far,  mete,  mSt,  pine,  p!ii,  marine,  note,  n^jt,  move, 
tube,  tiib,  riile,  my,  y— -I. 

'  Primary  accent ;  "  secondary  accent.  X.  B. — The  accent  fol- 
lows the  vowel  of  the  .syllable  u|X)n  which  the  stress  falls,  but  does 
not  indicate  the  division  of  the  word  into  svUables. 


I 


15^      SrKI.I.IM*  AMI  rKtt.MNCIATMN  ith'  V.IIKMICAI.  TKKM> 

Ti-KMINAThiNS    IN    -Ate    ailtl    -lt€. 

Thf  :iovnl  fiilli>\v<  ihi- ^iiuT.il  rule    .i-  A'cil."itr.  \  A  ?i  i  I  'i!c 
in  Ihf  tolliiwiii^  \vor(l<  ihr  aixviit  is  i)iri>\\ii  l.uk     .i^   \  *  :    !.i!t 
.1'  K'  < I  h  i » I A 1 1' ,    A'  I'  1'  1 1 1 II  .1 1 1' .    A'  II 1 1  tii  ( I II  i  1 1- 

TI:K%IIN  \TIilNS    IN    -Id      FiiKMIkl.V    -Ide   . 

Till*  fiu.il  6  !••  tin  ij*!  n't  I  ill  ivi-rv  vm-i-  .tiiil  tin.  -\  11  l^!l  ;»r'-  ■.■■•■s*'. 
Id  i.is  *  lilnrM.   io«II.l.   Jm'.IiI.!     .".\l.i     li>ilr.-.\'!     . /i  : 
fid.    A' III  111,    A' II I  M  (I.    ini'irC-'xlil 

ti:kminatiii\>  in  -ane.  -ene,  -Ine  .\'.\^  -one. 

T!li'  VtiWi'l  III  ihi-M-  -vll.iMrs  1-  ili\.ir:.i)>!\    !'»!l<       i^    tt-.i    !  •    ".  ■  r 

O'th.'iiu-.    ii.rphlh.i  li- !ii- .     .lilt  hr.ii  0  111'      ;»rt"«i':::t        ^  ■: ' 
n»"»iu-.    A'»il«'nu-.    kiloMc 

A  lrv\   tll»»>\  ll.iMrs  h.ivr   im  di^tnu  t    .i»*i-n!       i^  !»i  f.  /  i  r:  %       \  • 
lt-!lf,     I'l-lclU' 

TIk   trrini!i.i!'.«in  -In6  :•»  iiMtl  m!i!\   r.\  \\\i   r  im-  ■•:  «!••::*  '%   ".v^.ri: 

ri  KMIN  XTI-'N*-    IN     -In. 

In   Ti.inii  N   nl   I  hi  iJi:.  i".   «■'.«  iiu  !!!'•   .if.i!   ri»!:i5»i''.'!:»U      :    !■•  *  i^ 

wllJih  i!:i '.i:-'.!  -    I'.I  !!i«»-r    !'ir;v.iT'\    «::■!:•'..:    '"■    -In6      '\    ^r'     '  \ 

lliis.i»i.!!  i:»  .'.  }:•.  iIt'*   i:  ■'•« -v.N     !!-.t    t:^:  i!  •  'n  iW^-j'^m  ■!     i".  I  '.^-    "  .  "  '< 

|if'!i»'^:iti -l  -In      I*   r  !i '.  ••  I  !  !i      ^r  ■'  iij  *  Ti  .  I :.        .•   iv.  '  •:       '.   •■  '• 

Til  1 1  T  )•!:': :      *,".'.  i\\  '\      \    • : :  '.   !'.';;       i  '.'.••  \  .'»  :i !'.  ::       .  ^  ■  ^     ■ .  •  '  :: 
I  ir.  ti   '.  -  :  :i       •   ".!!«■  :•.      »  « •  ■■  i  !  r; 

:  1  I.  m:s  \  .  :    •, -    :  s    -ol. 


I  111.   •   ■■•■■••   • 
■  ■  ^  ■  ■ 

^x   I  I.:  .    e.    T 

•  ■  ■ ,  ■  ■ 

r 


■      ■  I  ■  ■       I 


•A       ■ 


I     %  ■        • 


.1  ^ 


*      1   ■  •  -   I 

I       >    I         * 


^•«  ■•■ ■.  i!  .  •  ••: 


•  ■   -M     ■   .         ■  -        •'•',! 


•Ol 


IS 


I  r 


■  • 


.  \ » •  :  • '    • 


\   . 


.  I 


:       Nil       "1  1. 1     I.'  \  ■  !  • 


SPEt,l,ING  AND  PRONUNCIATION  OF  CHEMICAL  TERMS.       1 59 

TERMINATIONS    IN    -Ole. 

This  termination  is  always  pronounced  -ole,  and  its  use  is  lim- 
ited to  compounds,  which  are  not  alcohols  (as  indole). 

TERMINATIONS   IN   -yl. 

No  final  e  is  used  ;  the  syllable  is  pronounced  yl  (as  S'cetyi, 
a'myl,   ce'rotyl.   ce'tyi,   g'thyl). 

TERMINATIONS   IN  -yde. 

The  y  is  long  (as  S'ldehyde). 

TERMINATIONS  IN  -meter. 

The  accent  follows  the  general  rule  (as  hydrtt'meter,  bar6'- 
meter,    lact6'meter). 

Exception :  words  of  this  class  used  in  the  metric  system  are 
regarded  as  compound  words,  and  each  portion  retains  its  own  ac- 
cent (as  cSntime"ter,   mi'llime"ter,    kriome"ter). 

MISCELLANEOUS  WORDS 

which  do  not  fall  under  the  preceding  rules. 

Note  the  spelling  :  albumen,  albuminous,  album  in  ifer- 
ous,  asbestos,    gramme,    radical. 


^^it,   qua'ntiva'Mence,    va'lence,    u'niva"lent,    bi'va"- 
lent,  triva"lent,    qua'driva'Ment,    tftrate. 


Fate,  fat,  far,  mete,  mSt,  pine,  ptn,  marine,  note,  n6t,  move, 
tube,  tub,  riile,  m\,  y  ^^  i. 

'  Primary  accent ;  "  secondar>'  accent.  N.  B. — The  accent  fol- 
lows the  vowel  of  the  syllable  upon  which  the  stress  falls,  but 
does  not  indicate  the  division  of  the  word  into  syllables. 
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mannite  mannitol 

dulcite  dulcitol 

sorbite  sorbitol 

furfurol  furfuraldehyde 

fucusol  fucusaldehyde 

anisol  methyl  phenate 

phenetol  ethyl  phenate 

anethol  methyl  allyl-phenol 

Note. — It  has  been  suggested  that  the  words  qualitative 
and  quantitative  could  be  advantageously  replaced  by  quali- 
tive  and  quantitive,  deriving  the  terms  from  the  Latin  adjec- 
tives instead  of  the  nouns,  as  has  been  done  in  the  case  of  rotary 
instead  of  rotatory,  agriculturist  instead  of  agricultural- 
ist, etc.  The  Section  regards  this  change  as  eminently  desirable, 
but  on  account  of  the  extended  use  of  the  words  outside  of  chem- 
istry, delays  action  until  the  opinions  of  those  in  allied  branches 
have  been  obtained. 


Fate,  fat,  far,  mete,  mSt,  pine,  p!n,  marine,  note,  n6t,  move, 
tube,  tfib,  riile,  my,  y  =  i. 

'  Primary  accent ;  "  secondary  accent.  N.  B. — ^The  accent  fol- 
lows the  vowel  of  the  syllable  upon  which  the  stress  falls,  but 
does  not  indicate  the  division  of  the  word  into  syllables. 
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The  clear  solution  of  the  sulfate  of  the  alkaloid,  thus  obtained, 
is  rendered  slightly  alkaline  by  ammonia,  and  rotated  in  a  separa- 
ting funnel  with  lo  cc.  of  chloroform  for  about  two  minutes. 
This  operation  is  repeated  four  times,  the  chloroform  being  drawn 
off  each  time. 

The  solution  of  the  alkaloid  in  chloroform  is  then  evaporated  to 
dr>'ness  in  a  small  platinum  dish  or  on  a  watch-glass  over  the 
water-bath.  While  still  on  the  water-bath  the  residue  is  stirred 
with  the  sharp  point  of  a  knife,  to  ensure  the  total  removal  of  the 
chloroform. 

After  cooling  in  the  desiccator,  the  dish  or  watch-glass  is 
weighed  with  its  residue  of  pure  alkaloid. 

The  chief  advantage  and  essential  peculiarity  claimed  for  the 
process  just  described  is  the  total  avoidance  of  any  emulsion  in 
the  chloroform  extract  from  the  magma  obtained  by  the  treatment 
with  ferric  hydrate  and  sodium  bicarbonate  at  the  outset.  The 
remaining  steps  in  the  process  are  practically  identical  with  those 
hitherto  used  in  similar  analytical  determinations. 

In  the  study  of  the  method  in  question,  we  have  extended  our 
experiments  over  the  following  subjects,  viz : 

1.  Purity  of  the  chloroform  and  other  reagents  used. 

2.  Insolubility  of  ammonium  sulfate  in  chloroform. 

3.  Completeness  of  the  extraction  of  the  alkaloids  from  the 
magma. 

4.  Completeness  of  the  extraction  of  alkaloids  from  alkaline  so- 
lution by  rotary  agitation  with  chloroform. 

5.  Complete  assays  of  pure  alkaloids  and  of  their  fluid  extracts. 

6.  Increase  in  weight  of  certain  alkaloids  after  solution  in  chlo- 
roform and  subsecjuent  evaporation. 

7.  Substitution  of  aluminum  and  chromium  hydrates  for  ferric 
liydrate. 

8.  Limits  of  precaution  to  be  obserx'^ed  in  weighing. 

9-  Amounts  of  moisture  present  in  pure  commercial  alkaloids. 

A.    Experimental  Part  by  H.  T.  Niciioi^s. 

I.    PURITY   OF  THE   REAGENTS   USED. 

Chloroform. — The  purity  of  the  chloroform  used  should  be  tested 
by  evaporating  about  lo  cc.  on  the  water-hath.  If  pure  enough 
for  the  purpose  in  view,  it  .should  leave  absolutely  no  residue. 
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This  observation  was  confirmed  by  three  experiments  in  which 
solutions  of  ammonium  acetate  were  evaporated  to  dryness,  and 
left  no  residue. 

III.  COMPLETENESS  OF  THE  EXTRACTION  OF  ALKALOIDS 
FROM  THE  MAGMA  BY  CHLOROFORM. 

Three  series  of  tests  were  made  to  ascertain  whether  any  appre- 
ciable amount  of  alkaloid  remained  in  the  magma  after  four  extrac- 
tions with  chloroform. 

Several  magmas  containing  nux  vomica  were  extracted  in  the 
usual  manner. 

In  no  case  was  the  intensely  bitter  taste  peculiar  to  this  alka- 
loid perceptible  after  the  third  washing  with  chloroform. 

A  weighed  amount  of  cinchonin,  one  part  of  which  is  soluble 
in  over  three  hundred  parts  of  chloroform,  was  treated  as  before. 

The  residue  obtained  ftom  the  chloroform  extract  was  almost 
equal  to  the  amount  used,  showing  that  even  in  the  case  of  this 
difficultly  soluble  alkaloid,  scarcely  any  portion  was  retained  by 
the  magma. 

A  further  test  of  the  delicacy  of  the  process  was  shown  by  the 
following  experiment : 

o.ooooi  gm.  of  a  mixture  of  brucin  and  str>'chnin  was  put  through 
the  assay  and  the  residue  on  the  watch-glass,  though  not  visible, 
still  yielded  the  bitter  taste  of  the  alkaloids. 

W.  COMPLETENESS  OF  THE  EXTRACTION  OF  ALKALOIDS  FROM 
ALKALINE  SOLUTIONS    BY    ROTARY   AGITATION 

WITH    CHLOROFORM. 

Experiments  were  made  to  find  the  number  of  rotations  neces- 
sary for  the  complete  extraction  of  an  alkaloid  when  the  solution 
of  the  alkaloid  and  ammonium  sulfate  is  rotated  with  chloroform. 
I  gm.  of  an  alkaloid  was  dissolved  in  acidulated  water,  and  the 
solution  was  made  up  to  100  cc.  or  a  i  per  cent,  solution.  10  cc. 
of  this  solution  were  used  each  time,  containing  in  each  case, 
therefore,  o.  i  gm. 

Each  portion  was  rendered  slightly  alkaline  by  the  addition  of 
ammonia,  put  into  a  separating  funnel,  and  rotated  with  chloro- 
form. The  dried  residue  obtained  from  the  chlorofonn  drawn  off 
after  each  period  of  rotation  was  weighed  separately. 

The  rotations  were  made  with  the  circling  motion  suggested  in 
his  article  by  Prof  Lloyd,  and  precautions  were  observed  to  pre- 
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A  tropin. — Amount  used,  .1  gm. 

Amount  Recovered  after  each  Successive  Rotation. 

First  Second  Third  Total  Amount 

Rotation.  Rotation.  Rotation.  Recovered. 

A  .   .    .         .0926  gm.  .0032  gm.  .0000  gm.  .0958  gm. 

B 0786    "  .0116    "  .0032     •'  .0934     •• 

C 0928    **  .cx)24    •*  .oooD    *'  -0952    " 

D 0916    **  .0030    '*  .0000    *'  .0946    " 

E 0890    *'  .0062    •'  .0010    "  -0952    *' 

Average,        .0889    **  .cx)53     "  .0008     '*  .0948    " 

Average  total  loss,  5.2  per  cent. 
The  variations  in  total  loss  ranged  from  4.2  to  6.6  per  cent. 

Aconitin. — Amount  used,  .1  gm. 

Amount  Recovered  after  each  Succesn've  Rotation. 

First  Second  Third  Total  Amount 

Rotation.  Rotation.  Rotation.  Recovered. 

A 0960  gm.  .0040  gm.  .0006  gm.  .ioo6gm. 

B 1066    **  .0042     "  .0002     "  .1110     " 

C 0998    *'  .0036    **  .0004     "  .1038     •' 

D 0926     "  .0036     "  .0002     "  .0964     " 

E 0923     *'  .0030    "  .0000     •*  .0966     ** 

Average,        .0977     '*  .0037     '*  .0003     "  .1017     " 

Average  total  gain,  1.7  per  cent.* 

The  variations  in  the  total  loss  or  gain  ranged  from  3.6  per  cent,  lofvs  to 
u  per  cent.  gain.    The  latter  high  figure,  obtained  in  but  instance, 
is  to  be  considered  as  probably  due  to  error. 

Quinin. — Amount  used,  .  i  gm. 

Amount  Recovered  after  each  Successive  Rotation. 

First  Second  Third  Total  Amount 

Rotation.  Rotation.  Rotation.  Recovered. 

A 0996  gm.  .0052  gm.  .0000  gm.  .io48gm. 

B 0974     *'  .0022     "  .0002     "  .0998     *' 

C 0990     ••  .0026     '*  .0002     ••  .loiS     " 

D 0966     '*  .0040     *•  .0006     ••  .1012     " 

E 0954    "  .0020     '*  .(XXX)     "  0974     •* 

Average,         .0976     "  .0032     "  .0002     **  .1010     " 

Average  total  gain,  1.2  per  cent. 

The  variations  in  the  total  loss  or  gain  ranged  from  2.6  per 
cent,  loss  to  4.8  per  cent.  gain. 
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Fluid  extracts  are  alcoholic  or  hydro-alcoholic  solutions  of  the 
soluble  constituents  of  vegetable  products,  those  of  alkaloidal 
drugs  containing  the  alkaloids  in  natural  combination. 

To  test  the  method  most  thoroughly,  parallel  determinations 
were  made,  first  of  a  fluid  extract,  next  of  the  same  fluid  extract 
with  a  kno^Ti  amount  of  its  proper  alkaloid  added,  and  thirdly 
of  a  standard  solution  of  the  alkaloid  dissolved  in  alcohol  and 
water. 

In  this  manner  the  fluid  extracts  and  alkaloids  of  nux  vomica, 
belladonna,  guarana,  ipecac,  aconite  root,  and  henbane  were  as- 
sayed.    The  fluid  extracts  used  were  those  obtained  in  commerce. 

A^iix  Vomica. — Five  samples  of  the  same  fluid  extract  were 
analyzed : 


Percentages  C 

Obtained. 

I. 
1. 39-* 

II. 
1.50% 

III. 
1.45  r-^ 

IV. 
1.46^ 

v. 
i.39'» 

Average 
1.44"; 

.125  gm.  of  str>'chnin  and  .125  gm.  of  brucin  were  added  to  50 
cc.  of  the  fluid  extract,  and  5  cc.  were  used  in  each  assay.  The 
results  were  as  follows  : 

Percentages  Obtained.  , 

I.  II.  III.  IV.  V.  Averapre.        Theor>'. 

2.03;*  1.98^?  1-95/^  2.00''^  2.00'^;  l-99'>  '•94/^ 

The  increase  in  amount  is  due  to  the  property  shown  by  brucin 
of  increasing  in  weight  after  treatment  with  chloroform.  See 
paragraph  vi. 

.75  gm.  of  the  mixture  of  pure  brucin  and  strychnin  was  dis- 
solved in  50  cc.  of  alcohol  and  water,  making  a  1.5  per  cent. 
solution. 

The  results  of  the  analysis  were  as  follows  : 

Prrcfntages  Obtahird. 
I.  II-  III.  IV.  V.  .\vfrajfc'.     .^nionnt  I'sed. 

1.60';  i.5»/^  1.48/r  1.47  •''         1.52'/  1.52'.  1.50'/ 

Average  increase,  .02  per  cent.,  or  1.3  per  clmU.  yf  the-  alkaloid  used. 

Bclladomia. — The  fluid  extract  of  belladonna  was  a.s.sayed  witli 
the  following  results,  all  from  the  same  .sample  : 

Percentages  Obtained. 
I.  II.  III.  IV.  V.  Avcmge. 

0.505*  0.55  ^v  0.54f/<  0.52 'y  0.50'.  0.52 'y 

The  )j^eatest  variation  from  the  avcraj^e  was  .0^^  per  cent., 
or  6  per  cent,  of  the  weight  of  the  alkaloid. 
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that  it  was  considered  useless  to  carry  out  the  check  experiments 
employed  in  the  cases  of  the  preceding  alkaloids. 

Aconite  Root, — The  assays  of  the  fluid  extract  of  aconite  root 
gave  the  following  results  : 


I. 

n. 

III. 

IV. 

V. 

Ax'erage 

0.41  <^ 

0.42;.^ 

0.41  ^>fr 

o-44^ 

0.42  f-* 

0.42;-; 

In  these  analyses  the  greatest  variation  is  5  per  cent,  of  the 

alkaloid  present. 

It  was  not  deemed  expedient  to  make  experiments  with  alka- 
loidal  addition  to  the  fluid  extract  of  aconite  root  or  of  hyosc}'- 
amus,  on  account  of  the  instability  of  aconitin  and  hyoscyamin. 

Hyoscyamiis. — The  fluid  extract  of  hyoscyamus  was  assayed  as 
follows : 


I. 

II. 

III. 

IV. 

V. 

Average. 

O.TO^ 

o.ioC'/ 

0.09  ^> 

0.09!'^ 

0.  lO'V 

0.\0^/t 

VI.   INCREASE    IN  WEIGHT  OF   CERTAIN    ALKALOIDS   AFTER 
SOLUTION   IN    CHLOROFORM    AND   SUBSKgUENT 

EVAPORATION. 

An  interesting  and  important  fact  noticed  in  connection  with 
this  work  was  the  alteration  in  weight  of  some  alkaloids  after  so- 
lution in  chloroform,  and  subsequent  evaporation.  This  altera- 
tion, usually  a  gain  in  weight,  was  most  noticeable  in  the  ca.se  of 
bnicin. 

The  real  nature  of  this  change  wa.s  not  ascertained.  As,  how- 
ever, it  has  a  marked  bearing  on  the  value  of  the  process  in  ques- 
tion, a  series  of  experiments  as  to  the  extent  of  this  variation  was 
carried  out  in  the  following  manner. 

A  weighed  amount  of  an  alkaloid  varying  from  o.  i  to  o.oi  gm. 
^as  dissolved  in  chlorofonn,  the  solution  placed  upon  a  tared 
watch-glass,  and  then  evaporated  on  the  water-bath  to  drxness. 
In  the  ca.se  of  those  alkaloids  which  were  left  in  a  gummy  condi- 
tion, the  residues  were  stirred  with  the  point  of  a  pen-knife. 

The  glass  was  then  cooled  in  a  desiccator,  over  calcium  chlorid, 
for  about  ten  minutes,  and  quickly  weighed. 

Caffcin. — Caffein,  unlike  most  alkaloids,  leaves  a  cry.stalline 
residue.  The  variations  noted  were  inconsideral)le,  except  where 
small  amounts  were  used. 
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Qutntn, — ^The  results  obtained  were  as  follows  : 

Btrcentages  of  Lass  or  Gain. 


Amount  of 
Quinin  Used. 

I. 

II. 

III. 

IV. 

V. 

Average. 

0.1    gm.  .    . 

.      0.4% 

^.2^. 

i.i^ 

IA% 

1.3% 

\,1% 

0.05     **      .    . 

—0.7 

0.0 

7.1 

0.0 

1.5 

1.6 

aoi    "     .    . 

0.0 

0.0 

1-9 

0.0 

3-3 
Averaj 

I.O 

?e,  1.3% 

The  average  gain  is  comparatively  slight,  although  the  varia- 
tions range  from  — 0.7  per  cent,  to  +7.1  per  cent. 

Cinchonin. — The  results  obtained  were  as  follows  : 

Percentages  of  Loss  or  Gain. 
Amount  of 
Cinchonin  Used.  I.  n.  III. 


IV. 

V. 

Average. 

0.0% 

0.0^ 

— O.I,'^ 

0.0 

1-9 

1.2 

0.0 

— 2.0 

—0.4 

0.1    gm.  .    .    .      0.0 J?^         o.oC*     —0.5% 
0.05    "...      0.7  1.9  1.7 

o.oi    •*     ...      0.0  0.0  0.0 

Average,  o.  i  ^ 
Cinchonidin. — The  results  obtained  were  as  follows  : 

Percentages  of  Gain. 
Amount  of 
Cinchonidin  Used.  I.  II.  III. 

0.1   gm.  .  0.0%         0.4 JIf         0.4% 

0.05    "...       0.0  0.4  0.4 

0.01    "...       7.9  2.2  0.0 


rv. 

V. 

Average. 

0.0  rf 

0.2  <^ 

0.2;^^ 

I.I 

1-9 

0.7 

0.0 

5.7 
Averaj 

31 

?e.  \.yi 

VII.     SUBSTITUTION   OF   ALUMINUM   OR   CHROMIUM 
HYDRATES   FOR   FERRIC    HYDRATE. 

Experiments  were  made  with  both  of  these  substances  to  test 
their  availability  as  reagents  in  this  process,  and  it  was  found  that 
if  for  any  reason  it  is  desirable  to  avoid  the  presence  of  iron,  either 
aluminum  or  chromium  hydrate  can  easily  be  used  as  a  substitute, 
both  making  a  good  magma  and  rendering  the  tannate  insoluble. 
Neither  of  these  substances  offers  any  especial  advantage,  however, 
over  the  ferric  hydrate,  which  is  also  preferable  on  account  of  its 
cheapness. 

VIII.     LIMITS   OF   NECESSARY    PRECAUTION 

IN   WEIGHING. 

In  order  to  note  the  difference  in  weight  between  cooling  in  a 
<fesicx:ator  and  in  the  open  air,  several  fluid  extracts  were  a.ssayed; 
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counted  upon  when  the  process  is  employed  by  those  less  familiar 
with  chemical  manipulation,  as  in  the  case  of  the  average  pharma- 
cist or  physician.  All  results  obtained  were  recorded  in  order  to 
afford  a  correct  average  representation  of  the  working  of  the 
method,  and  this  fact  will  explain  the  presence  of  a  few  abnormal 
deviations  in  certain  series,  which  would  naturally  be  eliminated 
from  consideration  in  establishing  averages. 

The  data  here  given  afford  valuable  material  for  estimating  the 
accuracy  of  the  process  as  one  worthy  of  being  incorporated  among 
our  standard  methods  of  analysis,  and  for  defining  the  limitations 
of  its  useful  application.  Its  widest  field  would  naturally  be  in 
the  analysis  of  alkaloidal  preparations  for  medicinal  use,  as  well 
as  in  the  assay  of  crude  drugs,  and  these  data  may,  therefore,  be 
useful  to  those  engaged  upon  the  revision  of  the  National  Phar- 
macopoeia. Any  recommendation  in  this  direction  would  scarcely 
be  in  place  here. 

With  regard  to  the  applicability  of  the  method,  it  is  to  be  noted 
that  it  does  not  aim  to  separate  one  alkaloid  from  another,  that 
its  sole  purpose  is  to  determine  gravi metrically  the  amount  of 
non-volatile  alkaloid  or  alkaloids,  soluble  in  chloroform  (or  ether) 
present  in  a  drug  or  solution,  such  as  a  fluid  extract.  In  passing 
judgment  upon  the  utility  of  the  method,  it  is  further  necessary  to 
bear  in  mind  the  varying  tendencies  of  the  alkaloids  to  undergo 
decomposition.  Time,  light,  temperature,  the  nature  of  solvents, 
all  are  factors  in  producing  more  or  less  deterioration  in  the  great 
majority  of  members  of  this  class. 

Keeping  these  facts  in  view,  the  results  of  this  investigation 
may  be  briefly  summarized  as  follows  : 

1.  The  manipulation  involved  in  the  method  is  exceedingly 
simple,  and  fairly  uniform  results  should  be  obtained  by  one 
familiar  with  elementary  quantitative  work. 

2.  Absolutely  pure  chloroform  must  be  used.  The  three  hy- 
droxides, FejCOH)^,  Cr,(OH),  and  A1,(0H)^,,  may  be  used  indiffer- 
ently in  the  production  of  a  magma. 

3.  Ammonium  sulfate  is  totally  insoluble  in  chloroform. 

4.  The  completeness  of  the  extraction  of  alkaloids  from  the  fer- 
ric magma  by  means  of  chloroform  is  all  that  the  most  rigid  ana- 
lyst can  demand.     This  was  proved  gravimetrically  in  the  case  of 
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Amounts  Reccvertd  from  too  parts  in  a  Serifs  0/ Five  Analyses, 
in  each  0/ which  o.t  gm.  tvas  used. 

Alkaloid  Used.  Lowest.  Highest.  Average. 

Atropin 100.2  102.2  100.6 

Caffeiti 99.2  loo.o  99.7 

Quinin 99.8  103.4  101.2 

Aconitin 104.  i  106.7  ^05-5 

Cinchonin 99.5  loo.o  99.1 

Cinchonidin loo.o  100.4  100.2 

Brucin 106.6  109.8  108.9 

Strychnin 93.5  102.7  98.2 

Strychnin  exhibits  great  variation  with  a  tendency,  to  lo&s.  Caf- 
fein,  cinchonin  and  cinchonidin,  are  apparently  unaltered.  Atro- 
pin and  quinin  gain  slightly  in  weight,  aconitin  more  so,  and 
brucin  most  of  all.  The  range  of  variation,  except  in  the  case  of 
strychnin,  is  much  more  limited  than  in  the  preceding  table. 
This  increase  of  weight,  as  the  result  of  treatment  with  chloro- 
form, is  an  interesting  and  important  fact,  and  a  more  extended 
study  of  its  real  nature  is  reserved  for  a  later  paper.  The  results 
summarized  in  this  paragraph,  applied  as  a  correction  to  those 
given  in  paragraph  6,  show  the  following  average  deterioration 
of  the  alkaloids,  due  to  the  first  stages  of  the  process,  viz.,  from 
the  formation  of  the  magma  to  the  final  extraction  with  chloroform  : 

Deterioration. 

Atropin 5.8  per  cent. 

Caffein .    .  4.4 

Quinin 0.2 

Aconitin 5.3 

Cinchonin 7.2 

Cinchonidin 5.3 

Brucin 7        *'      j^ain. 

Strychnin 7.6 


n 


ii 


I  i 


(t 


1 1 


(I 


It  will  be  seen  that  quinin  and  brucin  are  the  two  alkaloids  in 
the  list,  least  liable  to  decomposition,  while  the  average  deteriora- 
tion of  the  other  six  alkaloids  ranges  from  4.4  jxir  cent,  to  7.6  per 
cent. 

8.  The  results  obtained  by  the  direct  anal3\sis  of  fluid  extracts 
are  tabulated  as  follows,  and  show  the  degree  of  uniformity  to  be 
expected  in  the  application  of  the  method  to  several  of  the  ordinar>' 
alkaloidal  solutions  of  commerce  : 
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XLIV.    APPLICATION  OF  THE  PEARSON  METHOD 

OF  DETERMINING  SULFUR  TO  THE 

ANALYSIS  OF  HORN. 

By  T.  H.  Norton  amd  I.  J.  Smith. 

The  accuracy  of  Pearson's  method  of  sulfur  determination, 
based  upon  oxidation  with  nitric  acid  and  potassium  chlorate  as 
applied  to  the  analysis  of  sulfonates  and  derivatives  of  sulfonic  acids, 
was  shown  a  few  years  since  by  Norton  and  Otten.*  Having 
occasion  recently  to  analyze  various  samples  of  horn,  it  seemed 
desirable  to  determine  the  applicability  of  the  method  to  the  deter- 
mination of  sulfur  in  this  substance,  which  may  well  be  taken  as 
a  type  of  the  natural  organic  compounds  in  which  the  element 
occurs. 

The  course  of  analysis  was  identical  with  that  described  in  the 
above  papers.  Check  analyses  were  made  by  the  method  of  Rivot, 
Beudantand  Daguint,  in  which  the  oxidation  is  effected  by  passing 
a  current  of  chlorin  through  the  hot  solution  of  the  sulfur  com- 
pound in  potash. 

The  following  results  were  obtained  : 

Sample  I, 

1.  0.7949  gm.  of  horn  shavings  gave  by  Pearson's  method  0.2002 

gm.  of  BaS04  =  0.0274  g™«  of  S,  or  3.46  per  cent. 

2.  0.5616  gm.  gave,  by  the  same  method,  0.1333  K"'-  of  RaSO^, 

=^  0.0183  gm.  of  S,  or  3.25  per  cent. 

3.  2.2892  gm.  gave  by  Rivot's  method  0.5598  gm.  of  BaSOj  — 

0.0769  gm.  of  S.,  or  3.36  per  cent. 

4.  1. 1428  gm.  gave,  by  the  same  method,  0.28  gm.  of  BaSO,  - 

0.0384  gm.  of  S,  or  3.36  per  cent. 

Sample  II, 

1.  0.5226  gm.  of  horn  shavings  gave  by  PearvSon's  method  0.144 

gm.  of  BaS04  —  0.0197  gm.  of  S,  or  3.75  per  cent. 

2.  0.461  gm.  gave  by  the  same  method  0.1338  gm.  of  BaSO,  — 

0.0183  gm.  of  S,  or  3.98  per  cent. 

3.  0.5  gm.  gave  by  Rivot's  method  0.147  g"i-  of  liaSO,       0.019 

gm.  of  S,  or  3.83  per  cent. 

Summary, 


By  Prar son's  ,\ffthod. 

SAMPLE   I. 

/.')•  Kr.Mtrs  Method. 

I.     3.46  per  cent. 

1 .     3.  -^6  per  cent. 

2.     3-25       " 

SAMPLE  ir. 

2.     3.36 

I-     3-75  per  cent. 

I.     3. S3  per  cent. 

2.     3.98       " 

•Am.  Chem.  Jour.  10,  130,  141. 

tComptc*  rendus  de  1  'Academic  dcs  Sciences,  1S53,  p.  s^s. 
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DETERMINATION  OF  COPPER  AND  NICKEL  IN  ORES 

AND  FURNACE  PRODUCTS. 

By  David  H.  Browne. 

The  following  scheme  for  analysis  of  copper  nickel  ores,  mattes 
and  slags  is  presented,  not  with  any  claim  to  novelty  or  originality, 
but  merely  as  a  g^ide  to  practical  laboratory  routine.  The  chemi- 
cal principles  embodied  are  all  taken  from  Fresenius  and  Classen, 
and  the  arrangement  of  work  in  regard  to  time  is  the  method  found 
best  suited  to  the  daily  work  of  the  Laboratory  of  the  Canadian 
Copper  Co.  at  Sudbury,  Ontario. 

Of  green  and  roasted  ores,  as  well  as  slags  and  other  furnace  pro- 
ducts, with  not  over  10  per  cent,  combined  metals,  i  gm.  of  finely 
pulverized  sample  is  weighed  in  a  No.  i  Griffin  l)caker.  All  work  is 
done  in  duplicate  ;  the  two  samples  being  numbered  with  consecu- 
tive analysis  number,  viz.,  1623A  and  1623B.  Of  ordinary  smelter 
mattes  averaging  40  to  50  percent,  metal,  half  a  gram  is  weighed  : 
while  of  refined  matte  or  metallic  samples,  a  ([uarter  gram  is  frnind 
sufficient. 

The  samples,  some  half  dozen  to  each  operator,  are  weighed,  if 
possible,  in  time  to  .start  the  determination  of  copjKr  about  fivQ 
o'clock.  As  the  time  taken  by  the  analysis  is  an  interesting^  factor, 
I  have  here  made  a  chart  showing  this  relation. 

Monday,  3  P.  M.  Weigh  a  half  dozen  ore  samples  ;  dissolve  in  abont  to  oc. 
strong  HNO3  and  3  cc.  IICl  ;  evajMirate  slowly  to  dryness. 

Monday,  5  P.  M.  Dissolve  in  H.,0  and  a  few  drops  II  ,S( ),,  filter  ;  add  a  drop 
or  two  strong  UNO,,  place  in  a  tall  7  oz.  beaker,  i)ut  on  battery  with 
platinum  foil  in  the  form  of  a  cylinder  2*2  inclK-s  lonj^  and  1  inch  <liani- 
eter  as  cathode,  and  a  platinum  wire  in  form  of  a  corkscrew  inside  this 
as  an  anode.  Connect  with  very  gentle  current,  four  juravity  cells  being 
usually  sufficient  for  six  copper  solutions.     Leave  on  over  night. 
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Wednesday,  8  A.  M.  The  nickels  should  be  precipitated,  leavin^^  solutions 
•with  no  blue  color,  and  still  strongly  aninioniacnl.  The  coppers  also 
which  are  put  on  every  afternoon  are  supposed  to  Ihj  rcatly  to  weigh  at 
the  same  time  as  the  nickels. 

The  above  outline  will  show  that  accuracy-  is  much  more  of  a  de- 
sideratum than  rapidity.  By  reducing  the  work  to  a  .systematic 
routine,  any  clever  workman  who  can  read  and  follow  directions, 
can  make  as  good  a  separation  of  nickel  from  copi)er  and  iron  as  the 
most  skillful  analyst.  The  accuracy  of  the  above  method  will  be 
seen  fh)m  comparing  our  analysis  of  a  shipment  of  low  grade  matte 
with  that  of  one  of  the  best  known  New  York  analysts  whom  I 
will  call  D. 

Copper.  Nickel. 

Our  analysis  averaged  .    .    .    22.92  per  cent.  17.60  per  cent. 

D's        •*  "  ...    22.99       "  17.665     *' 

The  samples  were  taken  separately,  ours  from  the  cars  here  as 
the  shipment  was  loaded,  and  D's  sample  in  New  York.  Another 
example  of  triplicate  analyses  made  by  us  of  a  low  grade  matte 
shows  similar  agreement. 

Copper.  Nickel. 

,-/ 18.72  per  cent.  16. 10  per  cent. 

/? 18.70        "  16.10 

C 18.71        "  16.10 

If  we  wish  to  save  time,  one  sample  is  taken  and  duplicate  elec- 
trolytic determinations  made  of  copper ;  while  in  two  othtr  sam- 
ples the  copper  is  precipitated  from  an  hydrochloric  acid  solution 
by  sulphuretted  hydrogen,  and  the  filtrate  treated  as  above  for 
nickel. 

At  the  other  fumaces  in  the  Sudbury  district,  the  Ivnglish  cya- 
nide method  is  used  both  for  copper  and  nickel.  The  potas.sinni 
cyanide  method  for  copper  is  too  well  known  to  need  description  ; 
but  an  outline  of  the  method  for  nickel  may  be  of  interest. 

A  much  larger  quantity  of  ore  or  matte  is  taken  for  analysis 
than  is  customary  where  the  electrolytic  method  is  in  vo;^ue.  The 
substance  is  dissolved  as  usual ;  copix.T  is  precipitated  by  suli)hu- 
retted  hydrogen  ;  iron  is  removed  by  one  basic  acetate  separation  ; 
nickel  is  precipitated  in  anmioniacal  solution  l)y  siilpluirelled  hy- 
drogen, and  is  filtered  and  burned  as  above.     The  residue  is  (lis- 


iM 


>«»I.rilll.lTV    «•!■    \  \KI«i!  >    N\i.T>.     I.Tv. 


M)lvi:<i  111  ;ii|ii.i  ri^Ki  i>r  nitrti  .iiii!.  tiuti  i:iii!r.i'i.''<!  ^  \    tr. 
TIiIn    j»ri\ipil.iti'»    Ni»ini-    iri'ii.    \\!r.«li    iim\    •,ir".     .1    '.■'.!!. 
TImn   i-   tilti-rril.   u<l!N»*«il\i^l   !!i   ?!\.Ir.*  !.l««ri  •         «!     •i;--    •; 
.'iml  till  tillr  iti'»  .i!i'  iiiiJti'l      Tlu   -'.i:!"."::  «•:  ::  v'^f!    ^  r.. 
acul  .itxl   i>  t:t;.iti<l   J»\    .1  •^trt'ti-K*    •"•'.'»■.•.'• 'Ti   ♦'?    ^- 1 1^^  •■::■. 
wliii'h  !n  run  m  ifnin   .1    iMSTvV.t-    l:!I   !;:«•    :;r>!  !   ru:-   \   •  r-      • 
iiiikil  r\.i!U«U"  !•*  ri  ilj«»-»*il\i  li       Thr  ■*•'".  11  •.:•■!!  "'  ;•■''  i>*-.:*  . 
is  iii.uU'  iiji  *»\   iliHsii'.x  ::ii^  .1  |-i':!;.i    i-:    j*-!*^-:  :f:i  »  \  .*     !»     •■ 
^;illi»li   .u'n!  ^-^'tlli    •  ■:   •l>t:'.\'i    u.i!»!     .i!i<!    -l;    i:'-'.    **    *!  iv 
.iU>nti\ti\   \\i.(k  \\:!h  y\iu   t::«  k* '. 

.iiihiiiiit   ■■!   .IV  :ii    >  "f.lh   '«  ::1   !-■  il-.  ■*!:■•%    :ru    *::   ::■•.•  s*  .  •    • 

.itii«>tiiil  <-t   iri  ki  1    ::j    itj  ••:«   •■:    tv.  i!*.-     :!  ::>  i\   **    •:    -    ?:.■ 
.»N   III    .  »   ii  i!i    iT'.i  l!:--'.  ..!  •:»  :i  ::r.':\  i! :  ■•:  •  !  !!:t   i  \  .   !  ;«  •   •  ■ 


• 


< 


..  I 


\\: 


I    i 


Till.  >ui  T  r.ii.iiv  I  >i  \  \Ki' »»  s  iNi»k«;  \N\*  ^  \ 

\v.l    TtiNl      WPi'l     Avl    r«»M     IN    M  \ 
■.  K«  1--:     -*«  'I.-    ill  'N^ 


■  i 


\'   * 


.  I 


«     •  ■ 


.•  ■.% 


*     » 


•:  •■ 


SOLUBILITY   OF  VARIOUS   SALTS,    ETC.  1 85 

Bromides, 

Potassium  bromide slightly  soluble. 

Sodium  bromide slightly  soluble. 

Cadmium  bromide  (anhydrous) freely  soluble. 

Iodides. 

Potassium  iodide soluble. 

Mercuric  iodide soluble. 

Cyanides  and  Sulphocyanides. 

Mercuric  cyanide freely  soluble. 

Potassium  sulphocyanide freely  soluble. 

Ammonium  sulphocyanide freely  soluble. 

Ferric  sulphocyanide soluble. 

Cobaltous  sulphocyanide soluble. 

Nickelous  sulphocyanide'. insoluble. 

Nitrates  and  Nitrites. 

Sodium  nitrate very  slightly  soluble. 

Posassium  nitrate very  slightly  soluble. 

Ammonium  nitrate slightly  soluble. 

Barium  nitrate insoluble. 

Bismuth  nitrate insoluble. 

Lead  nitrate very  slightly  soluble. 

Silver  nitrate soluble. 

Potassium  nitrate very  slightly  soluble. 

Carbonates. 

Potassium  carbonate insoluble. 

Sodium  carbonate  (anhydrous) insoluble. 

Sulphates  and  Sulphites. 

Copper  sulphate  (anhydrous) insoluble. 

Potassium  sulphate insoluble. 

Ferric  sulphate  (anhydrous) insoluble. 

Ferrous  ammonium  sulphate  (crystalline)  insoluble. 

Ferrous  sulphate  (anhydrous) insoluble. 

Calcium  sulphite insoluble. 

Acetates. 

Zinc  acetate  (crystalline) soluble. 

Copper  acetate  (crystalline) slightly  soluble. 

I^ead  acetate  (crystalline) slightly  soluble. 

Magnesium  acetate insoluble. 

Sodium  acetate insoluble. 

Calcium  acetate insoluble. 
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OP  Agriculturk,  No.  XXII.] 

[ContribuUd  by  H.  IV.  WiUy.\ 

NOTE  ON  THE  SPECIFIC  GRAVITY  OF  AQUEOUS 

SOLUTIONS  OF  ACETONE.* 

By  K.  p.  McElroy  and  W.  H.  Krug. 

In  the  following  table  are  given  the  specific  gravities  of  acetone 
solutions  as  determined  for  every  five  per  cent.     Determinations 
were  made  in  a  piknometer  carrying  a  thermometer  stopper,  and 
were  all  done  from  duplicate  solutions.     The  acetone  used  had  a 
boiling  point  of  56.4.     It  was  prepared  from  the  crude  acetone 
sold  by  Hasslacher,  in  New  York,  by  boiling  the  redistilled  article 
over  calcium  chloride  under  a  reflux  for  three  days,  and  then  dis- 
tilling.    Samples  prepared  by  first  converting  the  acetone  into 
acetone-sulphite  of  soda,  liberating  the  acetone  with  sodium  car- 
bonate, distilling,  dehydrating,  and  again  distilling,  gave  figures 
identical  with  the  acetone  used.     Acetone  purified  by  allowing  a 
dilute  solution  to  stand  over  permanganate  for  a  day,  dehydrating, 
distilling,  etc.,  gave  closely  agreeing  figures.     In  the  tables,  spe- 
cific gravity  is  taken  to  mean  the  weight  in  grams  of  i  cc.  (not 
corrected  for  vacuo)  at  the  temperature  of  observation.     In  other 
words  water  at  4  is  taken  as  unity.    The  values  given  by  Rosscti's 
table  {Biedemiann^ s  Chem,  Kalendar^  26)  for  the  density  of  water 
at  different  temperatures  were  used  to  determine  the  capacity  of 
the  piknometers. 

Table. 

Weight  of  Weight  of  Weight  of 
I  cc.  in              1  cc.  ill  i  cc.  in 

Percent.  (irams  at  Grams  at  (jranis  at 

Acetone.  15^.  20°.  25*^. 

100  79726           79197  7^630 

95 8074S  80205 

90 «2i97  81653 

85 «35HS  83073 

80 S49ST  84454 

75 86442            S6129  85533 

70 88085            87545  87073 

65  89271            S8785  S8282 

60 90447            89953  89477 

•Read  before  the  Washington  Chemical  Society,  March  10,  i><*)2. 
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solution,  the  rule  which  had  been  observed  with  other  solutions, 
viz.,  that  the  solubility  decreases  with  a  rise  in  temperature,  was 
reversed. 

In  a  10  per  cent,  dextrose  solution,  the  solubility  of  acetone  in- 
creases as  the  temperature  rises,  while  in  more  concentrated  solu- 
tions the  solubility  follows  the  common  rule. 

The  solubility  in  10,  20  and  30  per  cent,  sugar  solutions  was 
also  determined,  and  this  was  found  to  act  similarly  to  maltose. 

It  seems,  therefore,  that  sugars  of  the  group  C„H„0,i  behave 
similarly  wuth  acetone,  while  sugars  of  the  group  CgH„Og  act  dif- 
ferently from  the  above. 

Solubility  of  Acetone  in  Dextrose  Solutions. 

100  Gni8.  Dextrose  Solution  Dissolve  Gms.  Acetone  at 

Percent.  Dextrose.  15°  7^°  2^ 

10 736.75  747.86  761.54 

20 255.28  247.71  240.80 

P 157.54  149-83  142.53 

40 86.95  79-57  74.03 

50 36.16  33.02  31.18 

Solubility  of  Acetone  in  Maltose  Solutions, 
100  Gms.  Maltose  Solution  Dissolve  (>nis.  Acetone  at 
Percent.  Maltose.  15°  25-  i^f^ 

10 353.63  348.09  342.03 

20 185.40       1S1.I7       176.S6 

30 119.90       115.99       112.37 

40 7H.35        74.73        70.53 

50 46.17  42.95  39.''^2 

Solubility  of  Acetone  in  Sucrose  Solutions. 

100  Gms.  Sucrose  Solution  Dissolve  Oms.  Acetone  at 

^  Cent.  Sucrose.  15^  2,s'  ^^ ' 

10 597.23  5''^I.«4  574.84 

20 272.53  263.19  251. S2 

30 172.40  162.55  KS0.6I 

April  13, 1892. 
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constant  level  tube  C  D  is  the  inner  tube,  the  height  of  the  tops 
of  which  determines  the  water  level  in  the  still.  E  is  the  metal 
tube  making  connection  with  the  interior  of  the  still.  F  repre- 
sents the  outlet  for  attachment  of  pipe  to  carry  oif  waste  water. 
(7  is  a  steam  dome,  serving  for  the  attachment  of  the  condenser 
tube,  and  to  prevent  water  drops,  projected  from  the  boiling  water, 
passing  over  with  the  steam.  The  condensed  water  runs  from  H 
and  is  preserved  in  a  stoppered  carboy  placed  beneath  the  table  on 
which  the  condenser  rests.  /  is  tube  for  thermometer,  and  K 
water  space. 

The  whole  rests  on  a  foundation  of  brick,  and  is  heated  by  a 
Fletcher  burner,  using  natural  gas.  The  oven  is  of  heavy  copper, 
tin  lined,  with  condenser  of  zinc  with  a  coil  of  block  tin. 

From  our  ordinary  use  of  the  oven  in  dr\'ing  operations,  we 
have  an  abundant  supply  of  distilled  water  besides,  and  when  once 
set  in  operation,  the  further  action  of  still  and  oven  is  automatic. 

Chemical  Labokatory, 

University  of  Buffalo. 


[Contributions  from  the  Laboratory  of  Fred.  C. 

Weli*s,  Savannah,  Ga.] 

ON  THE  STANDARDIZATION  OF  ACID  FOR  THE  KJEL- 
DAHL  DETERMINATION  OF  NITROGEN. 

In  view  of  the  importance  of  a  correct  standardization  of  the 
acid  in  the  above  method,  it  seems  of  interest  to  compare  the 
methods  recommended  by  the  Association  of  Official  Agricultural 
Chemists  with  each  other  and  with  others  commonly  adopted. 

M.  A.  Scovell,  in  his  opening  address  to  the  Association,  re- 
ported results  obtained  by  A.  M.  Peter,  reduced  to  terms  of  nitro- 
gen in  a  one-tenth  normal  solution  of  ammonia. 

My  determinations  were  made  in  a  solution  of  hydrochloric  acid 
containing  approximately  10.43  &"^-  ^^  ^^^  ^^  ^^^^  liter. 

For  convenience  of  comparison,  I  have  reduced  Peter's  results 
to  an  acid  2.8  X  one-tenth  normal  HCl. 

The  results  so  obtained  were  gravimetrically  with  AgNO^,  10.26 
gms.  HCl  to  the  liter. 

Volu metrically  with  tetroxalate  of  potassium,  10.35  gni.  to  the 
liter. 
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plies  to  the  tetroxalate,  viz.,  that  containing  crystal  water,  it  is 
liable  to  alter  in  keeping.  Peter*s  results  for  the  tetroxalate 
method  were  .04  gm.  to  liter  lower  than  those  obtained  from  dis- 
tilling XH.Cl  with  NaOH.  The  results  which  I  obtained  from 
Na,COj,  NaHCO,,  and  from  H,C,0^  were  from  .01  to  .03  gnis.  less 
than  by  distillation,  or  practically  agreeing  with  Peter's. 

It  seems  safe  to  conclude  : 

ist,  That  the  gravimetric  method  gives  too  low  results. 

2d.  That  distillation  of  an  ammonia  salt  with  NaOH  gives  too 
high  results. 

3d.  That  the  true  value  of  standard  solutions  may  be  obtained 
very  closely  with  either  soda,  tetroxalate  of  pota.ssium,  oxalic 
acid,  or  bicarbonate  of  sodium. 

Tetroxalate  of  potassium  possesses  all  the  disadvantages  that 
pertain  to  all  the  above-mentioned  reagents.  It  is  harder  to  purify 
than  soda,  and  it  **w-eathers*'  as  readily  as  oxalic  acid. 

Bomtrager's  article  came  to  hand  too  late  for  me  to  embody  ex- 
periments on  acid  tartrate  of  potassium  in  this  article. 

ON  CARMINE  SUGAR. 

Hlasiwetz  and  Grabowski  found  in  cochineal  a  sugar  to  which 
they  gave  the  name  **canninzucker,"  and  assigned  the  formula 
C^HjPj,  at  50°,  C,H,0,  at  100°.     (Annalen,  141,  338.) 

In  hopes  of  identifying  the  sugar  with  some  of  the  better-known 
glucoses,  I  subjected  cochineal  to  oxidation  with  concenlrated 
nitric  acid.  Among  the  oxidation  products,  I  discovered  oxalic 
acid,  but  no  mucic  or  saccharic  acid  ;  on  purifying  according  to 
Hlasiwetz  and  Grabowski,  I  obtained  a  liquid  reducing  Fehling's 
solution  and  giving  no  reaction  ;  with  a  solution  of  fuchsin  decol- 
orized with  SOj,  on  distillation  with  acids,  I  obtained  a  red  color- 
ation in  the  distillate  with  acetate  of  anilin. 

*It  must  be  noted  here  that  Wchmer  and  Tollens  ol)taincd  no 
levulinic  acid  from  pure  carmine  acid.  It  seems  to  nic  evident  that 
the  so-called  carminzucker  is  one  of  the  pentoses,  and  as  Hlasiwetz 
and  Grabowski  failed  to  obser\^e  any  optical  activity,  probably 
xvlose. 

•her.  19.  70S. 
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generally  calculated  to  be  at  least  one-third  larger.  Moreover, 
the  life  of  the  chamber  is  calculated  to  be  from  fifteen  to  twenty 
years  with  brimstone,  but  only  from  ten  to  fifteen  years  with  py- 
rites as  a  material. 

I  had  charge  of  sulphuric  acid  works  for  four  years,  using  at 
first  pyrites,  afterwards  brimstone,  and  it  was  after  thorough  study 
and  examination  of  the  works,  both  in  Atlanta,  Ga.,  and  Charles- 
ton, S.  C,  that  we  changed  from  pyrites  to  brimstone,  and  were 
rewarded  by  being  able  to  produce  more  and  cheaper  acid  per  day 
with  the  same  chambers  than  before.  We  used  pyrites  from  Geor- 
gia, Virginia,  and  the  Northwest,  the  latter  being  superior,  but 
the  supply  too  uncertain. 

Bextonville,  Arkansas. 

APPLE  JACK,  OR  APPLE  BRANDY. 

By  S.  C.  Upson,  Jr. 

The  manufacture  of  apple  jack  or  apple  brandy  is  quite  a  large 
industry^  in  some  parts  of  Virginia,  Northeastern  Georgia,  North 
Carolina,  Tennessee,  and  New  Jersey,  and,  in  fact,  in  every  local- 
ity where  the  cultivation  of  apples  is  carried  on. 

At  convenient  localities  there  are  usually  licensed  distilleries,  to 
which  the  farmer  hauls  his  apples,  and  in  return  receives  the  apple 
brandy  which  they  produce,  less,  of  course,  the  toll  of  the  distiller. 

The  following  is  a  description  of  the  method  employed  at  a 
large  apple  brandy  distillery  in  Virginia.  The  distillery  itself  is 
a  regular  whiskey  distiller>'  outfit,  with  the  addition  of  a  large 
cider  press. 

There  are  two  methods  of  making  the  apple-jack,  and  hence  the 
brandy  itself  is  known  by  two  names,  i.e.,  apple-jack  and  jug 
brandy,  according  to  the  method  employed  in  its  production. 

The  usual  method  is  to  mash  the  apples  and  express  the  cider 
in  the  cider  press.  This  cider  is  then  allowed  to  stand  in  barrels 
under  a  shed,  in  the  open  air,  until  it  becomes  "hard cider."  This 
usually  takes,  in  dry  autumn  weather,  from  ten  to  eij^^hteen  days, 
according  to  the  temperature  of  the  air  at  that  season.  The  cider 
is  then  taken  into  the  distillery  and  distilled. 

The  first  distillate  is  called  technically  "singlings"  or  "low 
wines."     This  is  then  redistilled,  which  gives  applejack. 

The  second  method  consi.sts  in  simply  mashing  the  apples,  and 
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SULPHUR-MINING   IN   SICILY.* 

Report  By  Conaul  Hrath,  Catania. 

The  mining  and  fusing  of  sulphur  ore  in  Sicily  has  been  carried 
on  for  a  great  many  j'^ears,  but  from  lack  of  enterprise  and  for 
want  of  outside  capital,  which  cannot  be  induced  to  invest  in  any 
enterprise  on  the  island,  the  mining  and  fusing  is  still  carried  on 
in  the  most  primitive  fashion.  In  the  majority  of  mines  machin- 
ery is  unknown,  and  in  the  larger  and  more  valuable  ones  only 
pumps  and  hoisting  apparatus  are  used.  Hand  labor  is  universal, 
and  a  great  many  children  find  employment  in  carrj^ng  in  baskets 
on  the  head  the  mineral  from  the  mine  to  the  surface. 

There  are  practically  four  systems  of  melting  sulphur  in  Sicily 
— ^the  Calcherone,  the  Sinopoli  furnace,  the  steam  process,  and 
Gill's  furnace.  The  first  two  are  most  largely  used,  because  it  re- 
quires little  or  no  capital  to  fuse  in  this  way.  They  have  a  great 
many  disadvantages,  however,  viz  :  The  fumes  kill  or  ruin  all 
vegetation  for  miles  in  the  vicinity ;  the  sulphur  rock  being  used 
for  fiiel  in  these  processes,  a  large  percentage  of  sulphur  is  conse- 
quently consumed,  besides  about  lo  per  cent,  is  still  left  in  the 
mineral  rock ;  then  the  product  is  not  so  valuable  as  in  the  other 
processes. 

The  steam  process  is  a  g^at  improvement  on  the  first  two,  but 
can  only  be  used  where  the  mineral  is  very  rich  and  porous.  No 
fumes  escape  to  destroy  vegetation,  and  the  product  is  of  a  better 
quality.  This  process  is  comprised  of  large  iron  tubes  filled  with 
mineral,  into  which  dry  steam  is  injected. 

Official  experiments  in  two  of  the  processes  give  the  following  re- 
sults :  Four  cubic  meters  of  mineral  melted  by  the  steam  process 
have  yielded  1,031  kilogrammes  of  sulphur;  4  cubic  meters  of 
mineral  melted  by  the  Calcherone  process  have  yielded  932  kilo- 
grammes of  sulphur. 

Giirs,  an  English  process,  has  been  tried  extensively  on  the 
island,  but  I  am  now  informed,  is  no  longer  used,  Ix^cause  it  re- 
quired skilled  assistance  and  only  a  small  quantity  of  mineral  can 
be  treated  at  a  time. 

The  Leon  Gil  y  Ruiz  patent  Spanish  process  seems  to  be  the 
most  scientific  and  to  give  the  best  results.  It  has  obtained  the 
following  perfection  :  Mineral  for  trial  was  chemically  analyzed 

*Froin  Consular  Reports.  Nov.,  1891. 


>i  i.riirk-MiMNt.  IN  Mcii.v 


palvi 

\'"\ii  tin  i!i  III    .It  .*  '.ir<-  I  ii  !i 
<  Mil   «  iii^iiir  tlTiVf  r 
^  •  •  li 

>:i!1i1tii-^ 

i.  Ii-  iiniik;  hIi-.iiji  l-nlrf^ 

k«  I'-rfN    it:.ii  liMirr  %     .kii-l  \i  n! -.'.  ili-r 


■ » 


4 


ii!li  II  '.-'Wi:  t!j  i!J  *'\  ^i:'.:!'.^  m^m!.  *^i  i',:m-  tlu  I-::  :  *ti  *:-«»^  -..:•! 
!i.i\i  "«"!:ii  l.i  i\\  i.ir.:""r  ^m!!.!-*!  Iv.  i  :iM!i!rr;--!  I  ?:>•:■•  -xri 
till!  !?'.•    !:i  :^!:!  "M  .t  *«\   ■■!   "rir.^i^   tru!::    v.' itii'.    i   !      N  ■»    \    ri 

w  IS  •■f«!\  ^•r,l  !«-tj:'.)i  '•:  \\'A  :!t  :^)::  ■  ■::  i  -:::.  !.ir  "-  x  •*•  ■  ■•  i*.^  ■  *  ••  s 
Ti'.'.;'.     1'.  I      !•■  \<A   V'!k         I  hi-    s'.i   r.:n  :-  I'    ":  *«  r*    ViWr    :    rT 

•I'.i.  •»■■■  ••■■•,'  -l-'l  •!•..       '■!  ■•^■•.••a,  !-■'•  I«*  •'  ^  •     ^^^ 

t.l''      .■       »        •■.■  '         ^'.  ...'l.l..        .,\.^%,m  ■'■.        «..'         il      !>•' li       m..*\  ,.•.  »«▼ 

1  • 

I       .     I        . 

I  »r  ',-  :  ■■  «  '■*'*•'  '■'  •'■'■'  •.■.!  1  •'.••!  >!  I'.v--  »  r;*'.:!i-  »  -  •  t! 
I,",  i!  I  .'.  .  .!■»-  ■  ••  :r  !!:  1.-  i'-,:*.'i!  I  x;-!  i.r  :•  ^  !^l  **.-  ;%Cx 
:  :■  'i  .  M'     \  ■  •  '"•  •  :•■  '    ■-!!■«   fw  !.■  '  ■•!  •;:!•,  ■*•-.::  jv.  r.i  *  .-  .'.  *-k  A4% 


V  V  «        \ 


*  \:  "        .       N  *     '.      Jl?    *  Til 


■  ■      • 


■  « 


1      Jl 


•        •    t     • 


•       -        ^1 


•  1 


%•  .      ■. 


t  • 


".    4^*- 


SULPHUR-MIXING    IN   SICILY.  I99 

ings  for  regular  work.  Daily  experience  proves  that  it  is  foolish  to  rely  too 
much  on  the  richness  and  importance  of  a  sulphur  vein,  that  may  change 
from  one  moment  to  the  other,  causing  the  total  loss  of  the  investment 
made.  There  are  very  few  mines  in  Sicily  deserving  tlie  expense  of  a  regu- 
lar and  complete  outfit,  and  in  the  best  cases  the  greatest  economy  must  be 
used,  always  bearing  in  mind  that  a  sulphur  mine  worked  with  activity  will 
not  last  long. 

The  cost  of  mining  cannot  be  stated  with  exactness,  because  all  the  mines 
do  not  present  the  same  difficulties.  In  fact,  many  of  them  are  from  200  to 
300  meters  deep,  while  otliers  can  be  worke<l  at  from  20  to  30  meters  below 
the  surface  of  the  earth.  The  quantity  of  water  to  l>e  pumped  out,  the  hard- 
ness of  the  materials  covering  the  brimstone  ore,  and  tlie  direction  and  di- 
mension of  the  seams  cause  greater  or  less  expenses.  Nevertheless,  I  think 
I  am  not  very  far  from  tlie  truth  when  I  state  that  the  mean  cost  for  obtain- 
ing a  ton  of  brimstone  is  as  follows : 

Mining  and  hoisting 33 

Melting S 

General  expenses 5 

Total 46 

To  this  should  be  added  the  Government  and  town  dues,  reaching  as  high 
as  30  per  cent,  of  the  profits. 

The  transportation  to  the  seaports  is  made  partly  by  carts  and  mules  and 
partly  by  railway.  The  freight  varies  according  to  distance.  The  shipping 
expenses  have  not  varied  much  during  the  last  3  years,  and  are  as  follows  : 

Cartage  from  the  railway  car  and  storage  in  warehouses,  per  ton,  o.8rj 

Transportation  on  lighters do  .    .    2. 10 

Customs  dues 12. cx) 

Chambers  of  commerce  dues 25 

The  commission  of  the  shipping  agent  is  i  '^  per  cent. 

Crude  brimstone,  as  exported  by  the  Unitctl  States,  is  divided  into  seven 
different  qualities,  or  grades.  The  difference  between  two  such  grades 
amounts  to  little  more  than  30  cents  per  ton. 

The  market  price  of  brimstone  changes  daily,  and,  therefore,  it  is  not  easy 
to  state  the  exact  price  which  has  ruled  during  the  last  3  years.  Hut  we 
may  reckon  that  the  prices  during  i88«S-'89  remained  nearly  steady  at  about 
71  lire  per  ton,  free  on  board,  duties  and  commission  extra.  During  last 
year  the  price  ranged  from  66  lire  in  the  first  months  to  as  high  as  loi  lire 
in  the  last  months. 

Sulphur  in  Sicily  is  only  refined  in  Catania  ;  therefore,  you  can  obtain 
personally  full  information  on  the  different  methods  in  use. 

The  Sinopoli  furnace,  mentioned  in  your  dispatch.  sei.*ins  to  have  given 

satisfactory'  results.     Inclosed  you  will  find  a  k*tter  with  a  full  and  complete 

description  of  this  furnace. 

ARTHUR  VKRDKRAMK, 

C  ofisular  .  It^cHf. 
Unitei>  States  Consixar  Agency, 
Lie  AT  A.  July  i.s,  i><9i. 
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SULPHUR-MINING    IN   SICILY.  20I 

The  estimate  of  $9  per  ton  is  for  mining  and  bringing  to  the 
surface  the  mineral  and  fusing  it  on  the  spot  ready  for  market. 

Refining  sulphur  is  another  branch  of  the  trade.     The  process 
and  costs  are  kept  secret. 

Transportation. — ^The  cost  of  transportation  varies  in  each  mine. 
The  modes  are  by  railroad,  when  the  mine  is  in  the  vicinity,  by 
mule  back,  and  by  private  narrow-gauge  railroads  irom  some  of 
the  richest  mines. 

Exporting. — In  Catania  lighterage  or  cartage  is  about  10  lire 
per  ton.     The  export  duty  is  10  lire  per  ton. 

Prices. — Prices  to-day  for  all  grades  of  Licata  sulphur,  unmixed, 
in  store  at  Catania,  are  as  follows  per  100  kilogrammes : 


Description.  ;         Price.  Description.  Price. 


I  Lire.  \  Lire. 

Fixst  grade  (best)  .    .    .   .  '  10.71  :  Third  grade  : 

Second  grade :  Best 9.85 

Best I  10.57  Good 9.77 

Good 10.44  Current 8.70 

Current 10.12  , 


The  higliest  and  lowest  prices  for  third-grade  (best)  sulphur,  in 
store  at  Catania,  during  the  various  months  of  the  last  3  years  was 
as  follows  : 


Month.  Price.  Month.  Price. 


TS89.  Lire,  1890 — Continued.  l.irr. 

January ,  8.61  to  8.45     May 9.01 

February 8.91  to  9.01     June 8.99108.97 

March 1  8.87  to  8.85    July  ........  8.96108.91 

April 8.90108.83     August.  S.95lo<S.9i 

May 8.84108.24     September 8.49108.48 

June 9.35  to  9.02     October 8.51I08.43 

July I  8.75  to  8.71     November 8.57t<)8.44 

August 8.90108.851   December 8.90108.67  ,'2 

September '  8.80  to  8.79  : 

October 8.60  to  8.53  :  '^'• 

November ,9.00108.98    January 9.4«to9.37 

December 8.97     I'^tibruary 9.51109.50 

'   March 9.41109.40 

*^'  1  April 9.23109.21 

January 8.90108.86,  May 9.27I09.11 

February 1  8.87  to  8.86    june 9.04109.03 

March 9.05109.04    juiy 9.^7109.2; 

April ,  9.23  to  9.21  , 
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SULPHUR-MINING    IN   SICILY.  203 

The  following  is  the  report  on  methods  for  refining  sulphur  by 
the  Italian  Goverment  mining  engineer. 

THE    CALCHERONB 

This  process  is  the  one  mostly  used.  In  the  province  nearly  65  per  cent, 
of  the  sulphur  is  obtained  through  the  Calcherone,  because  it  offers  the  great 
advantage  of  little  expense  in  building,  and  even  the  cost  of  fusing  is 
greatly  reduced,  thus  obtaining  a  good  product  in  a  very  short  tltne.  It  can 
be  made  of  any  size  and  capacity,  from  40  to  50  cubic  metres  to  250  and  even 
500  cubic  metres. 

GILL*S   FURNACE. 

The  use  of  Gill's  furnace  is  extending  rapidly,  as  it  is  found  of  great  ad- 
vantage in  small,  as  well  as  in  large,  mines.  About  25  per  cent,  of  the  sul- 
phur produced  in  the  province  is  obtained  by  this  system.  It  further  offers 
the  advantage  of  permitting  the  fusion  as  soon  as  the  mineral  is  extracted, 
because  it  produces  very  little  smoke  and  generally  is  of  no  damage  to  any- 
one. It  is,  however,  subject  to  the  law  of  185 1,  by  which,  in  case  of  damage, 
its  use  must  be  discontinued.  With  a  certain  kind  of  mineral  it  gives  an 
increased  production,  much  to  the  detriment,  however,  of  the  quality.  For 
setting  up  one  of  these  furnaces  a  heavy  outlay  is  rec^uired.  especially  if  a 
permanent  one  is  needed.  Even  the  cost  of  fusing  is  higher  than  with  the 
Calcherone.  It  can  be  constructed  either  with  three  or  four  cells,  but  the 
one  with  four  cells  is  always  preferred. 

OTHER    FURNACES. 

Other  furnaces  under  experiment  are  as  follows  : 

Di  Stefano* s  fumcLce. — This  furnace  has  six  cells.  It  is  similar  to  Gill's  fur- 
nace, as  far  as  the  passing  of  the  gas  is  concerned,  but  the  alimentation  of 
the  air  is  not  constant,  and  the  condensation  of  the  gaseous  product  is 
brought  to  the  highest  degree.  No  practical  results  are  known  as  yet,  but 
certainly  it  will  be  preferred  to  Gill's  furnace  as  its  workin>ijs  are  less  dan- 
gerous. 

Duletta  &  Constanzo^s  furnace. — This  furnace  has  four  cells.  The  ali- 
mentary  air  in  this  system,  does  not  pass  through  the  burning  coal,  but  is 
heated  in  passing  through  a  canal  around  one  of  the  cells  in  fusion.  No  re- 
sults are  known. 

Various  patented  systems,  as  Perelli's',  etc.,  are  now  discarded. 

Sleafn  furnace. — ^This  furnace  is  used  in  different  important  mines,  and 
nearly  10  i>er  cent,  of  the  sulphur  is  so  obtained  To  build  one  of  these  fur- 
naces a  great  expense  is  required,  and  skilled  people  are  necessary  to  work 
it-  It  has,  however,  the  advantage  of  immediately  fusing  the  mineral  ex- 
tracted, but  the  yield  is  not  larger  than  that  obtained  with  the  Calcherone, 
although  the  quality  is  superior  by  2  degrees.  The  cost  of  fusing  is  also 
higher,  but  equal  to  that  of  Gill's  furnace. 

ciiarlh:vS  iikatii. 

Uif  iTEi>  States  Consulate,  Consul. 

Catania.  September  2,  1X91. 
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The  first  part  of  the  process  is  essentially  that  of  Dr.  Drown  (A. 
I.  M.  E.,  June,  1889).  I  have  confirmed,  by  long  experience,  Dr. 
Drown 's  statement  that  sugar  can  be  safely  used  as  a  reducing 
agent  in  the  process.  Clemens  Jones  substituted  ferrous  sulphate, 
but  I  find  that  it  requires  several  times  as  much  ferrous  sulphate 
as  sugar  for  reduction,  and  that  the  sugar  produces  no  ill  effects. 
Pure  granulated  sugar  is  used. 

THE  METHOD. 

Dissolve  2  gms.  of  steel  in  a  12-ounce  Erlenmeyer  flask,  in  75 
cc.  of  nitric  acid  (1.13).  To  the  boiling  solution,  add  15  cc.  of 
permanganate  solution  (5  gms.  per  liter).  Boil  until  pink  color 
disappears.  Oxidation  of  the  carbon  and  phosphorus  is  complete 
if  there  remains  a  brown  precipitate  of  oxide  of  manganese.  More 
permanganate  will  be  required  only  in  the  analysis  of  iron  or  steel 
of  very  high  carbon.  Remove  flask  for  a  moment  from  the  light. 
Add  about  ^  gm.  of  granulated  sugar.  Replace  flask  on  the 
light  and  heat  till  the  solution  clears.  Take  flask  off"  the  light, 
and,  after  two  or  three  minutes,  add  13  cc.  of  .90  ammonia.  If 
the  latter  is  poured  carefiilly  down  the  side  of  the  flask,  no  loss  by 
spattering  will  occur.  Agitate  the  flask-contents  till,  in  a 
moment,  the  ferric  hydrate  is  redissolved.  Insert  thermometer, 
and  cool  (or  warm)  to  85  degrees  centigrade.  Add  50  cc.  of 
molybdate  solution,  causing  it  to  rinse  off"  the  thermometer  as  it 
flows  into  the  flask.  Insert  rubber  stopper.  Wrap  flask  in  towel, 
or  put  it  into  a  shaking-box,  and  shake  it  for  five  minutes.  Filter 
immediately,  using  a  9  cm.  Swedish  filter,  and  moderate  suction. 
The  precipitation  is  complete,  and  the  precipitate  shows  no  ten- 
dency to  run  through  the  filter.  Wash  out  flask,  and  wash  the 
filter  and  contents  five  times  with  i  per  cent,  nitric  acid ;  wash 
five  times  with  ^^  per  cent,  potassium  nitrate  wash  (i  gni.  per 
liter).  Place  filter  and  contents  in  the  flask.  Add  from  a  pi|)ette 
10  or  20  cc.  of  standard  sodium  hydrate  solution.  Shake  for  a 
moment,  until  the  yellow  precipitate  is  dissolved.  Dilute  with 
water  to  about  50  cc.  Add  3  drops  phenol-phtalein  solution  and 
titrate  with  standard  nitric  acid  till  the  pink  color  disappears. 
The  cubic  centimeters  of  standard  sodium  hydrate  used  ui>  in 
neutralizing  the  yellow  precipitate  represent  the  hundreths  per 
cent,  of  phosphorus  in  the  sample  analyzed. 
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When  the  method  is  once  established  in  a  laboratory,  the  stand- 
ardization of  the  sodium  hydrate  solution  may  be  more  conveni- 
ently done  by  means  of  steel  or  pig-iron  of  known  phosphorus 
contents. 

STANDARD  SODIUM  HYDRATE. 

15.4  gms.  of  sodium  hydrate  are  dissolved  in  100  cc.  of  water. 
Saturated  barium  hydrate  solution  is  stirred  into  the  sodium  hy- 
drate solution  until  no  more  precipitation  occurs.  Filter  at  once 
and  make  up  to  two  liters  with  distilled  water.  In  practice,  I 
shall  make  up  154  gms.  of  sodium  hydrate  at  once,  freeing  it  from 
carbonate  as  above  and  make  up  2  liters.  200  cc.  of  this,  made 
up  to  2  liters  will  make  the  standard  approximately. 

STANDARD  NITRIC  ACID. 

For  a  stock  solution,  make  up  200  cc.  of  nitric  acid  (sp.  gr.  1.42) 
to  2  liters.  200  cc.  of  the  stock  solution  is  made  up  to  2  liters  for 
approximate  standard.  Run  the  standard  alkali  and  acid  against 
each  other,  and  having  ascertained  their  relative  strengths,  add 
sufficient  water  to  the  stronger  of  the  two  to  make  the  solution 
equal  in  value. 

Next  run  the  sodium  hydrate  solution  against  .1000  gm.  pure 
ammonium  phospho-molybdate  — -  .00163  gm.  phosphorus.  If  its 
strength  is  too  great  {e,  g,,  if  i  cc.  --  .00206  gm  phosphorus) 
add  to  2  liters  of  the  standard  sodium  hydrate  60  cc.  of  water. 
In  order  to  preserve  the  equality  of  the  acid  and  alkali  solutions, 
add  to  2  liters  of  the  standard  nitric  acid  60  cc.  of  water  and  mix. 
The  solutions  will  then  be  equal  and  i  cc.  -  .0002  gm.  of  phos- 
phorus or  j^  per  cent,  phosphorus,  when  2  gms.  of  the  sample  are 
taken  for  analysis. 

PHENOL-PHTALEIN     INDICATOR. 

Five-tenths  gm.  of  phenol -phtalein  are  dissolved  in  200  cc.  of 
95  per  cent,  alcohol.     Use  about  3  drops  for  each  titration. 

We  feel  sure  that  the  phospho-molybdate  of  amnioniuni,  as  we 
obtain  it  in  this  process  contains,  when  dried  at  100°  Centigrade, 
1.63  percent,  of  phosphorus.     Our  reasons  are  as  follows: 

I.  Mr.  E.  F.  Wood  finds  1.63  per  cent,  phosphorus  in  the  phos- 
pho-molybdate obtained  by  his  method  and  dried  at  100°  Centi- 
grade.    (See  J.  A.  C,  1888). 
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The  last  sample  contains,  according  to  Messrs.  Booth,  Garrett, 
&  Blair,  phosphorus  .097  per  cent.,  arsenic  .014  per  cent. 

DISCUSSION. 

Mr.  Manby  :  I  am  very  glad,  indeed,  to  see  that  my  method 
has  been  so  quickly  taken  up  and  improved  by  Mr.  Handy,  and 
that  he  has  obtained  such  good  results  with  it.  I  hope  that  the 
investigations  of  your  committee  will  confirm  his  results.  I  have 
made  estimations  with  the  method  in  forty  minutes,  but  I  am 
pleased  to  see  that  this  time  has  been  cut  down  one-half  by  Mr. 
Handy.  I  found  that  the  presence  of  ammonium  salts  was  prejudi- 
cial to  the  accuracy  of  the  titration,  and  I  therefore  resorted  to  the 
process  of  purifying  the  yellow  precipitate  by  igniting  it  moder- 
ately over  a  lamp  to  expel  ammonium  nitrate.  I  consider  the 
freeing  of  the  yellow  precipitate  from  acid  and  ammonium  salts, 
by  washing  with  ^^  per  cent,  potassium  nitrate,  a  material  im- 
provement. I  had  feared  to  attempt  titrating,  with  filter-paper 
suspended  in  the  solution,  but  Mr.  Handy's  good  results  show  that 
this  fear  was  ungrounded. 

The  reaction  which  takes  place  when  the  sodium  hydrate  solu- 
tion is  added  to  the  yellow  precipitate,  is  an  interesting  study.  I 
think  that  the  yellow  precipitate  has  the  composition  f NHj),PO^, 
12  M0O3.  I  believe  fhai  the  ammonia  in  this  compound  is  rrplaced 
by  soda  when  excess  of  sodium  hydrate  is  added.  I  think  that 
with  the  conditions  of  dilution  which  we  operate  under,  the  am- 
monia would  be  held  in  solution. 

Mr.  Vax  Gundy  :  I  believe  that  the  soda  does  not  replace  the 
ammonia;  for,  if  it  did,  then  an  exactly  ecjuivalcnt  amount  of  am- 
monia would  be  set  free,  and  the  alkalinietric  value  of  the  resultant 
solution  would  be  indentical  with  that  of  the  measured  amount  of 
soda  solution  which  was  added.  As  practice  shows  that  this  is 
not  the  case,  but,  as  the  amount  of  soda  used  up  varies  with  the 
amount  of  yellow  precipitate  present,  I  believe  that  the  base  of  the 
soda  unites  directly  with  the  phospho-molybdate  of  ammonia  to 
form  a  neutral  compound. 

Mr.  Handy:  I  favor  Mr.  Van  Gundy's  theory. 

Mr.  Manby:  I  believe  that  there  is  a  certain  amount  of  nitric 
acid  which,  ordinarily  separates  out  with  the  yellow  precipitate. 
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the  yellow  precipitate,  dried  on  a  filter  at  ioo°  Centigrade,  is  ex- 
posed to  150°  Centigrade. 

Mr.  Handy  :  I  believe  that  Mr.  Camahan*s  and  Mr.  Johnson's 
lasses  of  weight  were  due  to  the  oxidation  of  the  carbon  of  the 
filter  at  the  expense  of  the  oxygen  of  the  molybdate.  This  action 
is  evidenced  by  the  progressive  blueing  of  the  filter  and  precipitate 
when  exposed  longer  than  three-quarters  of  an  hour  to  a  tempera- 
ture of  100°  Centigrade  or  over. 

My  experiments  were  made  by  heating  pure  yellow  precipitate 
in  porcelain  crucibles.  I  thus  avoided  any  error  caused  by  filter- 
paper  oxidation. 

NOTES  ON  IRON  IN  BONE-BLACK.* 

By  Dr.  Rkuno  Terne. 

The  freshlj'-prepared  bone-black  of  the  market  yields  on  an 
average  from  o.i  to  0.3  per  cent,  of  iron  in  the  form  of  metallic 
iron,  originating  principally  from  iron  mixed  with  the  bones  gath- 
ered up  by  the  junk  dealers,  another  portion  coming  from  the 
wear  and  tear  of  the  bone  crushers  and  mills,  and  a  very  little  from 
the  iron  vessels  used  in  burning  the  bones. 

Having  been  in  charge  for  the  last  fifteen  years  of  one  of  the 
largest  plants  for  manufacturing  bone-black,  I  had  never  exi>eri- 
enced  any  trouble  with  our  product,  on  account  of  the  iron,  until 
several  months  ago,  when  one  of  our  patrons  complained  of  an 
excess  of  iron  in  our  black,  which,  according  to  his  investigation, 
had  run  up  in  one  instance  to  one-half  of  one  per  cent. 

This  complaint  was  coupled  with  the  assertion  that  an  increase 
of  0.25  per  cent,  of  iron  above  the  average  would  materially  impair 
the  process  of  refining  sugar. 

This  charge  coming  from  a  source  conimandinj^  serious  con- 
sideration, caused  us  to  look  into  this  matter  thoroughly,  but  an 
examination  of  the  literature  of  sugar  refining;,  covering  a  period 
commencing  with  1872  (  Wai^ner  s  Jahresberichte)  up  to  date,  failed 
to  disclose  a  single  case  in  corroboration  of  the  above-cited  as- 
sertion. 

The  more  I  thought  over  the  matter  the  more  I  became  con- 
vinced that  the  complaint  made  against  our  black,  that  it  impaired 
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trace  of  iron  with  the  most  sensitive  reagents  (potassium  sulpho- 
c>'anide  and  potassium  ferridc>'anide). 

I  went  still  a  step  further  and  prepared  a  solution  of  iron  in 
citric  acid,  200  cc.  of  which  contained  i.oi  gms.  of  iron.  I  took 
100  cc.  and  diluted  to  500  cc.;  I  mixed  the  dark-yellow  solution 
in  a  flask  w4th  500  gms.  of  fresh  regular  sugar-house  black,  boiled 
up  for  thirty  minutes,  filtered  and  obtained  a  perfectly  limpid  solu- 
tion which  contained  not  a  trace  of  iron. 

This  experiment  proved  to  my  own  satisfaction  that  an  acci- 
dental excess  of  0.25  per  cent,  of  iron  in  fresh  black  could  not  be 
charged  with  creating  irregularities  in  the  process  of  refining  sugar 
liquors.  But  not  being  an  expert  in  sugar  refining  I  submitted 
this  problem  with  the  above  results  of  my  own  researches  to  my 
friend.  Dr.  Amo  Behr,  now  Secretar>'  and  Treasurer  of  the  Chicago 
Sugar  Refining  Company,  an  acknowledged  expert  in  this  branch 
of  chemical  industr>'  at  home  and  abroad.  I  submit  herewith 
an  abstract  of  his  letter : 

Chicago,  January  4,  1892. 

My  Dear  Dr.  Terne  :  *  *  *  "Iron  is  a  very  objectionable 
substance  to  have  in  filtered  sugar  solutions,  because  the  refined 
soft  sugars  which  are  produced  from  such  solutions  take  on  a 
more  or  less  gray  ap|)earance,  which  reduces  their  value  consider- 
ably compared  with  others,  which  are  free  from  iron  and  of  a 
bright  yellow  color. 

* 'Colonial  raw  sugars  contain  sometimes  a  considerable  amount  of 
iron,  and  in  the  absence  of  good  chemical  methods  for  the  removal 
of  this  iron  from  the  unfiltered  liquor,  the  refiner  relies  on  the 
bone-black  to  absorb  it. 

*'In  some  refineries  the  sugar  solutions  enter  the  black  practi- 
cally neutral,  in  otliers  they  are  left  a  little  acid,  but  this  is  of  no 
consequence,  for  you  have  found  yourself  that  new  black  will  absorb 
the  iron  even  from  a  strongly  acid  solution.  Even  old  workinj^ 
bone-black  contains  enough  carbonate  of  lime  Tthree  or  four  per 
cent.)  to  neutralize  any  considerable  excess  of  acid.  There  is, 
however,  a  considerable  difference  in  the  behavior  of  new  and  old 
black.  Say  you  want  to  filter  100  pounds  of  dry  su^ar  over  100 
pounds  of  lx)ne- black.  Say  this  sugar  contains  two  to  three  hun- 
dredths of  one  percent,  of  FCjO,.     The  solution  will  come  from 
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that  an  accidental  excess  of  a  fraction  of  a  per  cent,  over  the  ac- 
knowledged unavoidable  proportion  of  iron  in  new  black,  could  be 
held  accountable  for  any  disturbance  in  the  process  of  sugar  re- 
fining, and  to  have  my  protest  recorded  with  the  section  against 
such  a  claim. 

This  point  has  been  fairly  covered  by  my  own  experiments,  and 
is  clearly  corroborated  by  the  opinion  of  one  of  the  most  competent 
sugar  chemists  of  this  country. 

Regarding  the  chemical  methods  of  iron  determination  which 
are  far  too  laborious  to  perform  every  day,  I  have  been  trying  to 
find  a  method  which  could  be  carried  on  with  sufficient  accuracv 
without  requiring  previous  chemical  training. 

I  found  that  a  boy  with  the  help  of  a  magnet,  could,  by  exer- 
cising the  necessar>'  care,  make  a  determination,  sufficiently  ac- 
curate for  the  daily  control  of  a  bone-black  mill. 

Take  loo  gms.  of  the  black  and  spread  in  a  thin  layer  over  a 
sheet  of  white  paper,  then  plough  through  it  with  a  good  magnet 
(I  am  using  a  six-inch  horseshoe)  and  it  will  be  found  that  most 
of  the  iron  will  be  picked  up  at  the  first  few  passes. 

After  repeating  the  passes  of  the  magnet  in  every  direction, 
carefully  observing  that  no  part  of  the  mass  is  missed,  in  a  very 
few  minutes  all  the  iron  will  have  been  gathered  on  the  watch  glass 
ready  for  weighing.  The  results  thus  obtained  come  sufTiciently 
close  to  those  obtained  by  chemical  test  to  serve  as  a  control  uix)n 
the  process  of  manufacture,  as  the  following  examples  will  show: 

The  following  tests  have  all  been  made  within  the  last  four  months: 

By  Chemical  By  Magnetic 

'Analysis.     I'cr  Tc^t      I'cr 

Cent.  Iron.  Cent.  Iron. 

October,      1891 0.360  0.410 

1891 0.160  0.219 

December,  1891 0.3S7  c>.5oi 

January,       1S92      o.ioo  ^^.130 

18^2 o.  i6cy  0.213 

1892 0.(380  0.107 

1892 <>I9<^>  0.224 

While  the  magnetic  test  is  invariably  too  high,  it  is  sufticieiitly 
close  to  control  the  work  of  the  black  mills.  The  adhurciicc  of 
particles  of  carbon  to  the  iron  fully  explains  the  result. 

Regarding  the  chemical  determination  of  iron.  I  consider  a  pre- 
vious incineration  of  the  black  necessary,  because  there  is  a  possi- 
bility that  traces  of  organic  matter  left  in  the  fresh  black  may  be 
mistaken  for  iron  by  the  reduction  of  the  pota.ssium  pernianj:^anate. 


I 

b. 


<)N  TIIK  APrkOXIMATi:  KSTIMATInN  nF  I  kTA 

IN   IklNlv^ 

In  J.itMi.jrv.   is*<4.  ihv  writiT  jmiMihIuiI  .i  jm^ht  i:::iUr  '.'-^    .  •  \t 
i.iptiuii  iMv  Mjilii-im  ri*».  ji.ikii-  4;**         In  th:>  jMji*-'     iT.tr  '?■■•'■.  rr 
vir\vni>;  tlu-  rli.iracti-r  .iiul  iinjHirt.iiKi-  m|"  thi  -iil»»t>'.       1:*   :  rr.  •-! 
lii'N,  :iiiil   wli.il   h.itl   .iln-.uU  *»ivii  il"iu-,      .1   *»:r::;''t     i;<  ir  iV-.*   a-^ 
II  lit  111  m1  \m  n- •iTi'inl  wlirTtSv  tlu-  jiji^m'^-.  \i.is  *.ri»u^:'.T  •a::,  r*  Ti.b 
«•!    tin.-  J»li\  ^K'l.iii  .iriil  \\\\\  tr.iiiK'il  iiiifM     l«»  *•!■  .ij'p'.-.r-l  :r*.  '.:;r  ■>:% 
»«i4  i.in- iillur  ••!  Ill  ihr -^u  k  i«*«tii      Till"  i'lv  .1:1!. ••it^  *  "iTT'.fi  •  •:-.• 
iiuIIiinI   Will    lir^t.    :!•«   -^niipIu'ilN    «•!    *  "f.**!!*!*  !:"ri    TT"!::    ::•..:•-*• 
UllllMI    t  .l^\    ir.U  h   ••!    .ill  .       -niiTltl.   tll.il    llixtr.i'!    ■  t    .i"!  :".:  !  •  ,:    !■• 

nil  .i^iiri  itir  (  v«i!\r<!  nitr^'v:!!!  v:.i-,       i  j^rtitw^lrik:  :»■•,!:  r-^-  *•«{•  rx; 

:ipp  il.itiiN.  .iiiil  .ilm.i^l  }v\«>ii(!  till   li-.u  h  "I  tlu-  '••«l::i  •?-.    ;.  :.■.  •      x- 

liii- \  i>'.iinii  I >!  w  .itrr  ili^]»'..ii  I  il  *'\  t!:r  k:  i*  w  i*  !:ii  i«!iri»'         *.  .  •  ! 

til  it    iiisti  .III    •»!   iMtnll:::^  •«ri!»'»t  iiuv*  «•■•  ::iv  I'TiMt'.i  11!    !•     ■'■.'- —:ic 

:iihi  •!  »!:w;i  r-'U"   t«»   iiitx^Hr!    jni^^ii'*    i^   *<r*i!i:itu     *r.'\    v  .■-•       ^•.i 

.1  !«  .iv:' !»t  !t'T  •!«  *'.  •ii:I'«.k:m^'   l]\\   liTi-.i  \*.iH  H«:^»*t:l:2!i'i  •.':  .'.  a  .*  :■    ..h 

i!i«»i«     -MtiiNr    .4ii<l   I 'tix  I  1:11  lit.  :rri    :r'-!:i    t!-  ii*''.t    .r.'.\     ..•.i.tr     *r*i 

!u  U    :.i'!!i'l  n  ii!\  j'Ti  ;•  iT*  ■!    i'.iii"Ht   »i:\\\?nTr      T;:**  "i  i^*'-' '.  •  *• 

t!ji    I'.'iii:!!' ■!!    S  •''.:•, :•'!:   ••!  k.'!i'."?'.:w:t  •!    S-I  i   •■!    t*.i    \      >    I  ...rrr-* 

n'|-i  M  !r  ■::•,  !!:»    :i  •.  r-t- -n  -  •:    i^j      •■••?•.  i!.'   1^-      ::;i  ".:*■. 1 

1. 


.1 


ri 


::i  ■■:}:.  • 


I':  . 
...  •    I 


:!iV:i 


■'.M 


•  <  ■  •* 


w^.i  ri   tl-.i     r:!". -  r:  iv. »  .  :    :-»  u^  u  i*  ■•.  % 


■•  'ii^*      ••     ■■■•       V.       ■•»        •        • 


.« 


:<••'. 


«r 


•  < 


i  •    .  .  »\  '1 

.,«■•.   I    ...         •  ■  •    . 


^;- 


;^ 


N! 


A 


•  , 


!• 


l: 


•    A 


.7*  T    i'.  .i*m::i.x   ■  :   t\*i'  :\    •  .  -  •  .-•. 

.•    .  ..     V  .  ^     ^       .        „  .  . 


T   >  M     u*     •.::•.'. 


'.-,  1  -.^.^ 


V  .       1     r  I        *.. 


ESTIMATION   OF  UREA    IX   URINE.  217 

Upon  referring  to  his  notes  and  his  published  paper,  this  writer 
felt  ver\'  sure  of  his  facts  and  results  upon  which  the  statements 
of  his  paper  were  based,  for  they  had  been  abundantly  verified 
by  subsequent  experience,  but  he  had  full  confidence  in  this  part 
of  Dr.  Bierwirth's  work,  and  knew  not  how  to  account  for  the  dis- 
crepancj-,  especially  as  Dr.  Bierwirth  had  used  Solution  of  Chlorin- 
ated Soda  that  was  known  to  be  fully  up  to  the  U.  S.  P.  standard. 
Investigation  was  at  once  begun  and  the  cause  of  the  difficulty  was 
soon  found  at  a  point  least  suspected.  In  the  revision  of  the  U.  S. 
PhamiacopGeia  for  1880,  published  in  1882,  the  proportions  of  the 
ingredients  directed  for  making  the  Solution  of  Chlorinated  Soda 
had  been  changed,  and  no  notice  of  the  change  had  been  given 
because  the  strength  in  available  Chlorine  was  not  changed,  and 
available  Chlorine  was  supposed  to  be  the  only  standard  of  value 
in  the  preparation. 

The  Solution  was  admitted  to  the  U.  S.  P.  in  1840,  and  from 
that  time  until  1880  the  proportions  were  24  parts  of  Carbonate  of 
Sodium  to  12  parts  of  Chlorinated  Lime,  but  in  1880  they  were 
changed  to  25  parts  of  Carbonate  of  Sodium  to  20  parts  of  Chlori- 
nated Lime, — a  reduction  of  60  parts  of  the  sodium  salt  in  160. 
In  former  revisions  the  sodium  salt  had  been  in  large  excess  of 
what  theory  required,  and  this  excess  was  judged  to  be  useless 
and  was  left  out,  while  the  available  chlorine  remained  as  before. 
As  the  Committee  of  Revision  knew  of  no  other  use  for  the  Solu- 
tion than  that  of  a  disinfectant,  and  knew  of  no  disinfectant  effects 
from  the  excess  of  Carbonate  of  Sodium,  they  knew  of  no  change 
by  leaving  out  this  excess,  and  therefore  gave  no  notice  of  change. 
In  this  change  they  followed  the  Genuan  Pharniacopccia,  adopt- 
ing its  proportions.  In  the  judgment  of  the  writer  this  change 
was  a  mi.stake.  The  preparation  is  a  loose  combination  of  its  ele- 
ments, and  undergoes  internal  molecular  change  by  keeping,  but 
the  analogy  of  many  other  better  known  instances  in  which  an  ex- 
cess of  one  element  prevents  or  retards  change,  leads  to  the  proba- 
bility that  the  excess  here  is  important.  And,  it  is  not  iniproVjahle 
that  the  excess  plays  an  important  part  in  the  disinfectant  action. 

It  is  however  now  very  certain  that  while  the  Sohition  of  1870 
and  revisions  previous  to  that,  having  the  excess,  will  decompose 
urea  completely,  the  Solution  of   1880.  not    having   the  excess, 
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First  of  all,  it  cannot  be  too  strongly  insisted  upon  that  these 
rapid  methods  which  are  based  on  the  decomposition  of  the  urea 
and  the  measurement  of  its  evolved  nitrogen  as  the  indication  of 
its  quantity,  aSbrd  approximate  results  only.  There  are  several 
errors  incident  to  such  processes  in  ordinary  hands  which  are  prac- 


tically inevitable,  and  their  due  consideration  shows  conclusively 
that  the  general  range  of  error  can  hardly  be  less  than  o.  i  per  cent, 
above  or  below  the  truth,  and  should  not  be  greater  than  about 
0.2  percent.,  plus  or  minus.  That  is,  when  a  solution  of  pure 
urea  of  Icnown  strength  is  tested,  the  range  of  admissible  error  will 
not  generally  be  less  than  0,2  per  cent.,  nor  greater  than  0.4  i>er 
cent,  when  i  cubic  centimeter  is  taken  for  assay,  and  about  half 
that  range  when  z  cubic  centimeters  are  taken, 


The  improved  apparatus  now  offered  is  in  principle  and  general 
design,  the  same  as  the  old,  but  the  quantity  taken  for  the  estima- 
tion is  2  cc.  instead  of  4,  and  therefore  the  vials  are  reduced  to  lialf 
the  size  formerly  used.  This  is  done,  without  materially  increas- 
ing the  error,  by  having  a  much  smaller  and  more  accurate  capac- 
ity pipette,  and  by  making  this  take  the  place  of  the  urine  jar  by 
passing  through  the  .stopper,  as  shown  in  tlie  cut.  Then  a  gradu- 
ated jar  receives  the  water  displaced  by  the  gas,  and  measures  it 
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ment,  and  that  this  error  is  multiplied  from  500  to  600  times  in 
applying  the  results  of  the  assay  to  the  total  urine  of  twenty-four 
hours.  And  in  processes  where  only  i  cc.  of  urine  is  taken  for 
assay,  the  same  error  is  multiplied  from  1000  to  1200  times.  The 
pipette,  ivhen  thus  carefully  charged,  is  pushed  through  the  vacant 
hole  in  the  rubber  stopper  for  bottle  A,  which  stopper  has  just 
been  dipped  in  water.  This  pushing  through  the  wet  stopper 
wipes  oflF  the  urine  from  the  outside  of  the  pipette.  The  stopper 
thus  prepared  is  then  put  into  its  place  in  bottle  A,  One  end  of 
the  long  piece  of  rubber  tubing  C  is  then  dipped  in  water  and 
slipped  over  the  bent  glass  tube  of  bottle  A,  and  from  this  it  need 
not  again  be  removed  in  subsequent  testings.  Next  fill  bottle  B 
lull  of  water  of  the  temperature  of  the  room,  and  then  having 
slipped  one  end  of  the  short  piece  of  rubber  tubing  D  over  the 
bent  glass  tube  of  the  rubber  stopper  of  B,  push  the  stopper  into 
its  place  in  the  bottle,  allowing  the  displaced  water  to  escape 
through  the  tubes.  Then  holding  bottle  B  in  the  right  hand  with 
the  forefinger  over  the  end  of  the  straight  glass  tube,  incline  the 
bottle  toward  the  bent  glass  tube  until  that  and  the  rubber  tube 
upon  it  fill  with  water.  When  filled,  stop  the  flow  of  water' from 
the  rubber  tube  D  by  closing  the  straight  glass  tube  with  the  fore- 
finger, and  with  the  left  hand  put  the  little  glass  stopper  /t  into 
the  free  end  of  the  rubber  tube  D  while  tliis  tube  is  full  of  water. 
Then  lay  bottle  B^  thus  charged,  on  its  side,  upon  a  support  F,  as 
shown  in  the  cut,  and  slip  the  free  end  of  the  long  rubber  tube  C, 
from  bottle  A,  over  the  end  of  the  straight  glass  tube  of  the  stop- 
per of  bottle  B,  thus  connecting  A  and  7?.  Next  remove  the  lit- 
tle stopper  E  from  the  end  of  the  short  rubl)er  tube  /),  when  a  few 
drops  of  water  will  escape,  and  a  few  bubbles  of  air  will  enter  B 
fix)m  A.  But,  if  the  apparatus  be  tight  and  be  at  the  room  tem- 
perature, no  more  water  will  run  out  nor  will  any  air  enter.  Next, 
the  measuring  jar  G  is  put  under  the  short  rubber  tube,  and  this 
tube  is  lengthened  or  shortened  by  slipping  it  down  or  up  upon 
the  glass  tube,  until  the  end  just  clears  the  bottom  of  the  gradu- 
ated measuring  jar ;  and  now  the  apparatus  is  ready  for  the  process. 

THE   PROCESS. 

Taking  bottle  A  in  the  right  hand  compress  the  nibbcr  bulb 
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mersion.  The  bottles  and  tubes  are  now  lifted  out  and  set  aside, 
and  the  quantity  of  water  in  the  measuring  jar  is  carefully  read 
off  to  one-half  cubic  centimeter. 

EXPLANATION   OF  TABLE   OF  APPROXIMATE   RESULTS. 

Each  cc.  of  the  water  in  the  measuring  jar  represents  a  cc.  of 
the  nitrogen  gas  evolved  by  the  decomposition  of  the  urea  in  the 
urine,  and  each  cc.  of  the  gas  represents  0.0027  S^-  ^^  urea  when 
the  cc.  of  gas  is  measured  at  0°  C.  and  760  mm.  barometric  pres- 
sure. The  pressure  may  be  disregarded  in  this  process,  but  the 
expansion  by  temperature  may  not,  although  it  was  disregarded 
in  the  former  paper  and  table.  By  the  law  of  Dal  ton  and  Gay- 
Lussac  gases  expand  '.  of  their  volume  at  0°  C.  for  every  1°  C, 
and  as  the  measurement  for  this  process  may  be  assumed  to  be  at 
about  18**  C.=64.4°  F.,  that  temperature  is  adopted  here.  Thus 
'  of  its  volume  for  each  degree  multiplied  by  18°  C.  is  equal  to 
0.065934,  and  therefore  i  cc.  of  the  gas  measured  at  0°  C.  measures 
at  18**  C.  1.065934  cc.,  and  this  it  is  that  is  equal  to  0.0027  gm. 
(.002688  gm.  more  exactly)  of  urea.  Therefore  from  each  cc.  of 
water  as  read  off  from  the  measuring  jar,  0.065934  cc.  must  be 
subtracted  as  a  correction  for  temperature  expansion.  That  is, 
the  reading  off  is  too  high  by  this  fraction  from  each  cc,  and  for 
example  15  cc.  as  read  off  must  be  corrected  by  (0.0659  \  15  ) 
0.9885  cc,  or  practically  0.99  cc,  and  the  true  measure  becomes 
(15 — 0.99--)  14.01  cc,  or  practically  14  cc  This  correction  is 
applied  throughout  in  constructing  the  following  Urea  Table,  and 
thus  a  nearer  approach  to  accuracy  is  attained,  while  the  trouble- 
some calculations  are  avoided. 

Again,  as  each  cc  of  water  displaced  is  equal  to  a  cc.  of  nitrogen 
gas  which  displaced  it,  and  this,  when  corrected  for  temperature 
represents  0.0027  gm.  of  urea,  the  number  of  cc  of  water  repre- 
sents the  number  of  times  0.0027  €^"^-  ^^  ^'^^^^  ^^  contained  in  the 
2  cc  of  urine  taken  for  the  assay.  Hut  to  obtain  a  percentage  of 
urea  it  is  a  little  easier  to  take  the  results  from  i  cc.  of  urine  and 
therefore  the  number  of  cc  of  displaced  water  is  divided  by  2. 
Then  the  number  so  obtained  multiplied  by  o.(X)27  gives  the  per- 
centage of  urea  in  the  urine.  For  example,  suppose  the  displaced 
water  from  2  cc  of  urine  taken  l)e,  after  correction  for  temperature. 
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these  data  are  the  bases  for  the  calculations  of  the  third  and  fourth 
columns. 

The  fifth  column  gives  in  gms.  the  quantity  of  urea  in  473  cc. 
— =1  pint  of  urine  corresponding  to  each  percentage  result;  and 
the  sixth  column  gives  in  g^ins  the  quantity  of  urea  in  i  pint  of 
16  fluidounces  of  urine,  corresponding  to  each  percentage  result. 

The  seventh  and  eighth  columns  may  not  be  useless  for  casual 
inspection.  It  has  been  estimated  that  the  average  nonnal  excre- 
tion of  urine  in  adults  for  each  24  hours  is  not  far  from  118 1  cc, 
which  is  equal  to  2.5  pints  or  40  fluidounces,  and  the  variation 
from  this,  above  or  below,  is  chiefly  water.  If,  therefore,  the  ex- 
cretion for  24  hours  should  be  evaporated  down  to  this  quantity  if 
above  it,  or  be  made  up  to  it  with  water  if  below,  and  be  then  as- 
sayed for  the  proportion  of  urea,  the  results  would  Ix?  all  that  could 
be  desired.  Taking  then  1181  cc.  or  40  fluidounces.,  as  an  as- 
sumed standard,  the  seventh  column  gives  in  grams,  and  the 
eighth  column  gives  in  grains,  the  quantity  of  urea  corresponding 
to  each  percentage  that  would  be  excreted  in  24  hours.  The  es- 
timated average  normal  amount  may  be  30  gms.  equal  to  462.96 
grains,  but  **  A  range  of  from  20  to  40  gms.  (308.6  to  617. 2  grains) 
must  at  least  be  admitted  in  adults.'*  (Tj'son,  edition  of  1891.) 
It  will  therefore  be  seen  that  while  the  average  normal  excretion 
may  be  about  20  per  cent.  -  :  30.5  gms.  -  471.2  grains,  the  range 
is  a  very  wide  one  extending  from  13  per  cent,  to  27  per  cent,  ac- 
cording to  Ty.son.  This  leaves  only  about  one-third  of  the  table 
below  the  lower  limit  of  nonnal  health,  and  the  ninth  column 
gives  a  probable  indication  of  the  limits  consistent  with  ordinar>' 
health  in  adults. 

It  is  hardly  necessary  to  say  that  the  table  is  one  of  approxima- 
tive equivalents,  and  is  read  in  horizontal  lines. 

One  point  should  be  always  borne  in  mind  in  direct  relation  to 
any  urea  table,  and  that  is,  that  all  good  authorities  insist  upon  its 
being  little  more  than  a  waste  of  time  and  labor  to  assay  the  urine 
of  any  particular  hour  of  the  day  or  night,  and  that  unless  a  speci- 
men of  the  total  excretion  of  24  hours  can  be  had,  the  results  are 
misleading  and  may  be  dangerously  misleading.  And  farther  that 
for  the  best  results,  and  those  which  are  most  trustworthy,  the 
assays  of  several  successive  days  should  Ix?  taken. 
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REAGENTS. 

The  reagents  for  the  estimation  of  urea  by  measuring  the  nitro- 
gen which  results  from  its  decomposition,  are,  thus  far,  only  two 
in  number, — the  hj-pochlorites  and  the  hypobromites.  These  are 
chemicals  whose  nature  is  not  very  well  understood  and  they  are 
characterized  by  the  condition  that  their  elements  are  so  loosely 
combined  as  to  be,  under  all  ordinary  circumstances,  in  a  state  of 
continuous  molecular  change.  That  is,  they  are  unstable  combi- 
nations of  their  elements,  and  upon  this  quality  their  utility  in 
this  process  seems  to  depend.     But  thej'  are  not  equally  unstable. 

The  hypochlorites  are  more  stable,  or  change  more  slowly  than 
the  hypobromites,  and  therefore  in  this  reaction  for  decomposing 
urea  it  is  not  necessary  that  they  should  be  freshly  made  for  each 
assay,  or  group  of  assays.  But  this  characteristic  which  gives 
them  this  advantage  involves  the  disadvantage  that  those  of  them 
which  keep  best  are  slowest  in  reaction  with  the  urea,  and  give  the 
longest  and  least  definite  end  reaction.  Both  reagents  with  proper 
management  decompose  all  the  urea  with  evolution  of  all  its  ni- 
trogen, and  the  quantity  of  urea  decomposed  is  determined  by  the 
quantity  of  nitrogen  evolved.  Therefore,  the  object  is  so  to  man- 
age the  reagents  as  to  decompose  all  the  urea  present,  and  to  meas- 
ure the  nitrogen  gas  set  free;  and  now  the  different  management 
for  the  different  ways  in  which  the  reagents  are  used,  is  to  be  con- 
sidered. 

USE   OF  THE    HYPOCHLORITES. 

One  of  the  chief  advantages  that  induced  the  writer  to  offer  this 
apparatus  and  process  in  its  original  paper  of  18.S4,  was  the  facility 
given  for  its  use  by  the  easy  access,  almost  everywhere,  to  the  so- 
lution of  chlorinated  soda  of  the  U.  S.  Pharmacopceia  of  1870. 
This  solution  is  essentially  a  solution  of  sodium  hypochlorite  and 
of  sodium  carbonate,  bicarbonate  and  chloride,  containing  not  less 
than  2  per  cent,  of  available  chlorine,  and  the  chanjj^e  which  it 
undergoes  by  keeping  seems  to  be  the  slow  conversion  of  the  so- 
dium hypochlorite  into  sodium  chloride,  wherein  the  chlorine  is 
no  longer  available,  and  into  free  oxygen.  This  change  is,  how- 
ever, so  slow  that  bottles  of  it  put  up  over  25  years  a^^o  with  2  per 
cent,  of  available  chlorine,  are  in  the  writer's  j)ossessi<)n  cx^ntaining 
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and  process  also,  of  1870,  for  the  Pharmacopoeia  of  1890.  Whether 
the  Committee  does  or  does  not  return  to  it,  the  writer  will  return 
to  it  in  his  own  practice,  and  will  send  out  no  other  than  the  1870 
solution.  But  as  this  solution  will  not  be  generally  accessible 
while  the  1880  solution  will  be,  and  as  the  1880  solution  will 
probably  be  continued  in  1890,  it  is  worth  while  to  offer  a  formula 
and  process  for  the  extemporary  preparation  of  the  1870  solution 
by  which  any  physician,  pharmacist  or  nurse  can,  in  about  three 
hours,  make  about  330  cc.  or  11  fluidounces  of  the  solution  that 
will  keep  in  good  condition  for  a  year. 

EXTEMPORANEOUS  SOLUTION   OF   CHLORINATED   SODA. 

Take  of  good  Chlorinated  Lime  ("Chloride  of  Lime")  24  grams. 

Sodium  Carbonate  (* 'common  Washing  Soda")  48  '* 
Water,  a  sufficient  quantity. 

Shake  the  lime  salt  very  thoroughly  with  200  cc.  of  water  and 
pour  the  thinner  portion  of  the  mixture  upon  a  wetted  paper  filter, 
receiving  the  filtrate  in  a  500  cc.  bottle.  Shake  the  residue  of  the 
lime  salt  with  75  cc.  more  of  water,  and  when  the  first  portion  is 
nearly  drained  through  the  filter,  pour  on  the  whole  of  the  second 
portion.  When  this  has  drained  through,  the  clear  filtrate  should 
measure  about  265  cc.,  and  if  the  filter  be  a  good  one  the  time  re- 
quired will  be  about  2  hours.  Dissolve  the  Sodium  Carl)oiiate  in 
90  cc.  of  hot  water  by  agitation,  pour  the  Solution  into  the  bottle 
with  the  filtrate,  shake  well  and  filter.  The  filtrate  should  meas- 
ure about  330  to  335  cc. 

This  extemporaneous  solution  of  chlorinated  soda  is  substan- 
tially that  of  the  U.  S.  P.  of  1870,  and  answers  very  well  for  this 
urea  process,  and  when  made  from  ordinarily  good  chlorinated 
lime  or  "Bleaching  Powder,"  10  cc.  of  the  solution  is  quite  suffi- 
cient for  the  reaction,  and  is  better  than  a  larger  quantity.  But  if 
the  lime  salt  be  old  and  poor,  or  the  solution  be  old,  15  cc.  is  a 
better  quantity  with  which  to  charge  lx)ttle  A :  with  this  reagent 
a  warm  bath  will  shorten  the  process. 

SOLUTIONS   OF    PURE    URKA. 

For  trials  with  the  various  forms  of  these  reagents  in  this  appa- 
ratus and  process,  pure  urea,  well  cr>'stalized,  was  taken  and  its 
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pains  being  taken  to  get  some  of  them  from  pharmacies  of  small 
business,  where  they  would  be  likely  to  be  oldest.  All  excepting 
No.  10  were  put  in  either  metal  or  pasteboard  cylinders,  well 
closed,  containing  one  pound  or  half  a  pound  each,  and  the  cost, 
retail,  was  15  to  20  cents  per  pound.  All  were  put  up  by  two 
dealers,  but  one  of  them  sold  two  brands.  The  first  4  were  put 
up  by  one  party  and  the  remainder  by  the  other.  One  other 
brand,  only,  is  known  in  this  market,  but  it  was  not  met  with  in 
buying  the  samples. 

No.    3  contains  26.3%  of  available  chlorine.       Put  up  in  metal        cylinder. 
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Two  g^ams  from  each  of  the  five  samples  were  successively  put 
into  bottle  A^  well  shaken  in  the  bottle  with  10  cc.  of  water,  and 
then  used  for  the  process  with  the  2  per  cent,  urea  solution,  but 
the  results  were  only  1.72,  1.64,  1.51.  1.39  and  1.30  per  cent., 
showing  conclusively  that  the  mixture  without  filtration  would  not 
answer  for  the  process,  although  there  is  no  known  reason  why  it 
should  not  when  the  filtered  solution  answers  well.  Then  from 
each  of  these  ten  samples  20  grams  was  weighed  off  and  well 
shaken  with  60  cc.  of  water  in  a  measuring  jar,  and  the  mixture 
poured  upon  a  paper  filter  in  a  funnel  in  a  bottle  marked  at  100 
cc.  When  drained  the  residue  was  washed  on  the  filter  until  the 
filtrate  measured  100  cc.,  and  these  solutions  of  chlorinated  lime 
were  kept  for  the  process,  each  10  cc.  representing  about  2  grams 
of  each  of  the  samples.  Two  assays  were  made  with  each  solution, 
the  first  with  10  cc.  representing  2  grams  of  the  sample,  and  the 
second  with  15  cc.  representing  3  grams  of  the  chlorinated  lime  of 
each  sample. 

The  results  were  as  follows,  a  2  per  cent,  solution  of  pure  urea 
being  used. 
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the  bottle  causes  slow  expansion  of  the  gases  and  air  in  the  bottle 
A.  About  four  assays  can  be  made  in  an  hour,  but  about  20  min- 
utes of  this  time  is  taken  in  cooling  bottle  A  four  times  to  room 
temperature  in  the  bath. 

These  solutions  of  chlorinated  lime  made  as  described  above, 
may  be  taken  as  the  first  step  in  making  the  extemporaneous  so- 
lutions of  chlorinated  soda,  also  previously  described.  If  it  was 
known  that  the  solutions  of  chlorinated  lime  would  keep  well,  and 
if  they  were  accessible  without  the  trouble  of  being  made,  solutions 
of  chlorinated  soda  would  be  entirely  unnecessary.  But  how  long 
the  lime  solutions  will  keep  is  not  known,  but  the  great  probabil- 
ity is  that  they  deteriorate  pretty  rapidly,  and  are  not  trustworthy 
after  a  month's  keeping.  The  soda  solutions,  however,  keep  very 
well  for  many  months,  and  if  they  were  accessible  as  they  foniierly 
were,  the  lime  solutions  would  be  entirely  unnecessary.  As  it  is, 
the  lime  solutions  may  be  made  as  above  directed,  and  be  used  for 
a  short  time  most  convenientlv,  and  then  what  is  left  of  such  solu- 
tions  can  Ik*  converted  into  soda  solutions  very  easily,  as  follows  : 

For  every  gram  of  chlorinated  lime  or  5  cc.  of  the  lime  solution 
take  2  grams  of  sodium  carbonate,  and  dissolve  this  in  8  cc.  of  hot 
water  by  shaking  in  a  bottle  of  double  the  capacity.  To  this  so- 
lution add  the  lime  solution,  and  shake  the  two  well  together.  If 
the  mixture  gelatinizes  at  first  set  the  bottle  in  warm  water  until 
it  liquifies,  and  then  having  shaken  well,  pour  the  whole  upon  a 
paper  filter.  The  filtrate  will  then  be  the  extemporaneous  solution 
of  chlorinated  soda  of  the  U.  S.  P.  of  1870,  which  will  be  effective 
in  the  process,  and  will  keep  well  for  months,  or  even  for  a  year  or 
more.  Such  solutions  of  chlorinated  soda,  made  from  the  solution 
of  chlorinated  lime  of  the  la.st  series  of  trals,  were  UvSed  in  the  fol- 
lowing series.  But  for  a  comparison  of  results  the  assays  No.  i 
are  made  from  a  chlorinated  soda  solution  of  the  U.  S.  P.  of  1870, 
that  is  now  about  i  month  old. 

No.  I.  From  chlorinated  lime  of  ,V^^  available  chlorine,  in  cc.  gave  ?.i.\l  from  a  t:  solution. 

••    I.  '•  "       3S  '*  *'         15        "         -\i.»^s  •       J 

,.     ^  .1  ..        25^^        ..  ..  „,        ..         .,,j 
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t 
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These  trials  show  that  the  range  of  strength  in  the  chlorinated 
lime  from  which  the  chlorinated  s<Kla  is  made,  dcx-s  not  affect  the 
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No. 

I  cc 

mtainc 

Jd  32.8 

2 

259 

3 

28.7 

4 

157 

5 

29.0 

6 

29.6 

7 

29.9 

8 

24.7 

9 

29.1 

10 

24.3 

II 

30.4 

wnicn  measured  about  11     cc. 


«.5 


9-5   *' 


10.0  '• 

10.3  " 

10.3  *' 

(1  (•  u   <•  ** 


5.5    ••  leaky. 


«-3 


10.0   '• 


S.3 


10.4   *• 


One  ounce  avoirdupois  is  equal  to  28.35  grams,  so  tlie  average 
is  a  little  short.  A  cc.  of  bromine  at  room  temperature  weighs 
about  2.942  grams. 

THE   REAGENT  FOR  USE. 

Authorities  advise  that  to  the  above  solution  of  caustic  soda, 
measuring  284  cc.,  25  cc.  of  bromine  be  added, making  309  cc.,  and 
that  the  mixture  be  gently  agitated  until  the  bromine  is  dissolved. 
Then  each  cc.  of  this  solution  will  contain  about  9.354  grams  of 
soda,  and  about  0.08  cc.  of  bromine,  equal  to  about  0.235  gram 
of  bromine.  The  ordinary  direction  for  preparing  the  solution  in 
small  quantities  is  to  take  10  cc.  of  the  soda  solution,  and  add  i  cc. 
of  bromine  to  this,  agitating  gently  till  the  bromine  is  dissolved. 
Then  this  quantity  is  all  used  for  one  assay,  although  greatly  in 
excess,  and  it  does  not  give  as  good  results  as  smaller  quantities. 

This  solution  it  is  which  does  not  keep  well  and  therefore,  has 
to  be  freshly  made,  but  how  long  it  will  retain  its  efficiency  for 
this  reaction  has  not  hitherto  been  determined.  To  test  this  point 
approximately  it  was  found  that  1.5  cc.  of  the  freshly  made  solu- 
tion was  the  smallest  quantity  that  would  completely  decompose  2 
cc.  of  a  2.5  per  cent,  solution  of  pure  urea.  Two  days  later,  3  cc. 
of  the  solution  was  the  smallest  quantity  that  would  effect  the 
same  decomposition.  Three  days  after  the  last  result,  4  cc.  was 
required  to  do  the  same  work.  Seven  dayft  later,  5.5  cc.  was  re- 
quired. Four  days  later,  7  cc.  was  required.  Twelve  days  later, 
8.5  cc.  was  required.  Nineteen  days  later,  13  cc.  was  recjuired. 
Thus,  after  keeping  for  47  days,  more  than  eight  times  the  quan- 
tity was  required,  indicating  a  rate  of  change  that  is  not  far  from 
0.24  cc.  a  day.  But  the  quantities  reconnnended  to  ])e  taken  for  the 
assays  are  so  greatly  in  excess  of  what  is  recjuired,  that  if  the  re- 
commendations be  adhered  to,  the  solution  may  l)e  said  to  Ix? 
effective  for  a  longer  time  than  30  days.     lint  it  will  l)e  shown 
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could  not  be  ascertained,  and  the  discrepancy  must  be  charged  to 
the  imperfection  of  the  apparatus. 

THE  REAGENT  AS  IMPROVED   BY  DR.  RICE. 

The  time  and  trouble  of  preparing  this  solution  frequently,  and 
the  risk  of  having  it  ineffective  if  kept,  are  ver>'  much  lessened  by 
a  de\-ice  suggested  to  the  writer  by  Dr.  Charles  Rice,  Chairman  of 
the  Committee  of  Final  Revision  of  the  U.  S.  Pharmacopoeia.  Dr. 
Rice  dissolves  the  bromine  in  a  solution  of  potassium  bromide,  and 
thus  avoids  the  frequent  handling  of  undiluted  bromine.  He  uses 
the  proportions  of  125  gms.  each  of  potassium  bromide  and  bro- 
mine dissolved  in  water  and  made  up  to  i  liter  or  1,000  cc.  with 
water,  and  advises  equal  volumes  of  this  and  the  soda  solution  to 
be  mixed  for  use  near  the  time  of  making  the  assaj\s.  This  writer 
assumes,  for  theoretical  reasons,  to  improve  the  formula  by  substi- 
tuting sodium  bromide  for  the  potassium  salt,  and  finds  it  answers 
the  purpose  a  little  better.  Dr.  Rice*s  procedure  would  then  be 
as  follows : 

Take  the  contents  of  an  ounce  vial  of  bromine,  whatever  weight 
it  might  yield,  say  for  example,  28.35  grams  or  an  avoirdupois 
ounce,  and  an  equal  weight  of  sodium  bromide.     Having  poured 
the  bromine  into  a  tared  bottle  of  500  cc.  capacity,  and  taken  the 
weight  of  bromine,  add  an  equal  weight  of  sodium  bromide,  and 
100  cc.  of  water  and  agitate  the  mixture  until  the  bromine  is  dis- 
solved.    Then  add  water  until  the  solution  measures  as  many  cc. 
as  eight  times  the  number  of  grams  of  bromine  taken.     That  is, 
if  the  bromine  weighed  28.35  gms.  the  finished  solution  should 
measure  (28.35X8—)  226.8  cc.     Then  equal  volumes  of  this  solu- 
tion and  the  soda  solution  are  mixed  for  the  assay.     This  solution 
of  bromine  keeps  indefinitely,  so  far  as  known,  and  is  conveniently 
bandied.     It  should  be  kept  in  bottles  with  glass  or  rub])er  stop- 
pers.    It  contains  0.125  grams  of  bromine  in  each  cc,  and  when 
mixed  with  an  equal  volume  of  the  soda  solution,  the  mixture  will 
contain  0.0625  gm.  of  bromine  in  each  cc.     It  is  therefore  but  lit- 
f        tie  more  than  one- fourth  the  bromine  slreugth  of  the  reaj^ent  as 
generally  recommended  for  this  use  (0.0625  against  0.235  K"i-  iji 
cadi  cc.), yet  for  this  reaction  5  cc.  of  it  are  equal  to  4  cc.  of  the 
stronger  solution,  as  is  shown  by  the  following  trials.     Kach  trial 
was  made  first  with  a  solution  in  which  potassium  bromide  was 
used  as  the  solvent,  and  then  with  one  in  which  s(Mliuni  bromide 
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any  other  columns  of  the  table  that  are  required.     The  observer 
may  use  either  grams  or  grains,  or  both,  in  interpreting  his  re- 
sults, but  only  one  is  needed  here  to  make  the  illustration  under- 
stood.    The  57  fluidounces  of  urine  is  40  fluidounces  from  the 
seventh  and  eighth  columns,  plus  16  fluidounces  from  the  fifth 
and  sixth  columns,  plus  i  fluidounce  from  the  third  and  fourth 
columns  (40+16+ 1—57),  and  the  figures  obtained  by  the  inter- 
polation of  the  **In  grains"  columns  are  for  40  fluidounces,  271.20 
grains, — for  16  fluidounces,  108.48  grains, — and  for  1  fluidounce, 
6.78  grains,  and  these  added  together  give  386.46  grains  as  the 
total  excretion  of  urea  for  the  57  fluidounces  of  urine  in  24  hours. 
On  the  day  following,  under  similar  conditions  of  diet  and  ex- 
ercise, the  same  person  excreted  only  32  fluidounces  of  urine  in 
the  24  hours.     The  first  day  had  been  clear,  sharp  and  cold, 
with  high  barometer,  and  therefore  the  cutaneous  transpiration 
had  been  low  and  the  kidneys  had  to  excrete  the  more  water. 
The   second  day  was  warm  and  clear,  with  falling  barometer, 
and  with  winter  clothing  on,  the  cutaneous   transpiration  was 
free,  so   that  the  kidneys  had  less  to  do.     The  32  fluidounces 
of  urine  was  of  much  deeper  color  and  higher  specific  gravity 
(1.022),  but  in  all  other  respects  was  like  that  of  the  preceding 
day.     Assayed  for  urea  in  exactly  the  same  way  it  gave  1 8  cc.  of 
displaced  water,  indicating  2.27  per  cent,  of  urea.     Then  32  fluid- 
ounces  being  just  2  pints,  is  refered  to  column  6  ;  and,  the  figures 
in  grains  multiplied  by  2  give  339.52  grains  as  the  total  excretion 
of  urea  in  the  second  period  of  24  hours.    Then  386.46  and  339.52 
added  together  and  divided  by  2  give  362.99  grains  as  the  average 
excretion  of  urea  for  two  successive  days.     This  is  considerably 
below  the  assumed  normal,  but  not  inconsistent  with  good  health. 


CONCLUSIONS. 

The  conclusions  reached  by  the  work  done  in  this  paper  may  be 
usefully  summed  up  as  follows  : 

First,  that  the  apparatus  recommended  is  a  convenient  one  for 
approximate  results,  and  is  fairly  trustworthy  within  a  total  range 
of  error  of  0.3  per  cent,  or  0.15  per  cent,  on  either  side  of  the 
truth  ;  and  that  it  does  not  require  exjx?rt  skill  to  attain  these 
results  by  its  use. 

Second,  that  the  apparatus  and  method  are  not  confined  to  any 
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|Mrticu1:ir  rcij^cnl  fur  ils  ln-^t  rr'»u!t«».  Siil  miv  ^•  ti^»!  •.*•• 
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Tliinl.  lh;il  the  Soiiitimi  ••!  Chl'irin.i!r«!  S«i.i  ••!  \)\\  \'  > 
1S711.  .ilt)iiiii>;}i  m»l  llii"  l»i***l  riMk:iiit  !i»r  um-  1%  i!;:;*  V.  :  .-. 
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:itnl   rnjiiui-  KmhI    liim    :ii  ixtt  tiiiiiir.i!ii«iiiN   jTfp  ir.i:-""!    i* 
rhliir!ii.iti«l  luiu-  lr«tni  \\li]»li  l.»  iii.iki-  :t.  i^  tJ'.-.-  in-".',   k:*':  r* 
ri-HHililv  jif  .ill  llu-  ni.itrr!  iN  kii<>\\Ti  !•■  ^n-  .i5«;>'.:v  iM^-  :••  :V  -  t:-. 

I'*i!ih.  lh.it  till-  MiipfiiW'!  Sr'»!tii!u-  jiri^v^^  .1*  ri^il  *\   I  »• 
whi  M  111  tlu- tir<>ini!i<    is   lu!il    m   ]H7in.i!>i!i!    ^•'.•.:V.'':i   *»-.    r:A 
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NEW  BOOKS. 

BlaiF*S  Water  Analysis.*— Whoever  Mr.  Blair  may  be,— and 
it  seems  strange  that  with  such  a  string  of  titles  we  should  not 
know  more  of  him, — ^he  is  either  not  an  educated  Englishman,  or 
an  exceedingly  careless  proof  reader,  as  witness  these  sentences : 
"I  gratefully  acknowledge  not  only  these  suggestions  of  him*' 
(Preface).  '*A  dilute  solution  of  ammonium  chloride  of  the 
strength  that  each  cc.  contains*'  (p.  6).  **And  again  with  tap 
water  till  the  drippings  be  neutral  to  litmus  paper"  (p.  7). 

The  author  seems  to  be  in  ignorance  of  the  fact  that  the  Kjel- 
dahl  method  had  already  been  used  for  the  analysis  of  potable 
waters  (see  preface).  It  has  always  seemed  to  the  writer  that  too 
much  valuable  time  has  been  given  to  finding  quick  methods  for 
determining  the  amount  of  organic  impurities  in  water, — results 
which  when  obtained  could  not  be  intelligently  interpreted  unless 
the  nature  of  the  water  was  already  known  by  other  tests, — ^best 
of  all,  by  the  test  of  actual  use.  What  is  wanted  is  a  method  for 
determining  what  organisms  are  contained  in  a  water ;  of  what 
nature  they  are,  and  how  many  are  contained  in  a  given  volume. 
Such  a  method  has  lately  been  perfected,  and  will  be  published  in 
this  Journal. 

Lindsay's  Qualitative  Analysls.f— This  new  edition  of  an 

old  and  well-known  text-book  needs  little  comment.    Indeed,  this 
is  true  of  almost  all  books  upon  qualitative  analysis,  as  the  subject 
admits  of  very  little  variety  of  treatment.     The  metals  are  divided 
into  seven  groups :  ist,  those  precipitated  by  hydrochloric  acid  ; 
2d,  those  precipitated  by  hydrogen  sulphid  in  acid  solution,  whose 
sulphids  are  soluble  in  alkaline  solutions  ;  3d,  those  precipitated 
by  hydrogen  sulphid,  but  the  sulphids  insoluble  in  alkaline  solu- 
tions; 4th,  those  precipitated  by  ammonia  ;  5th,  those  precipitated 
by  ammonium  sulphid ;   6th,  those  precipitated  by  ammonium 
carbonate ;   and  7th,  the  remaining  metals.     There  seems  to  be 

•The  Organic  Analjrsia  of  Potable  Waters.  By  J.  A.  Blair,  M.B.,  C.  M.,  D.  Sc.  Edin. 
^K.C.  P.  U>nd.    Second  edition.    Phila.    P.  Blakiston,  Son  &  Co.     1891. 

fThe  Compendious  Manual  of  Qualitative  Chemical  Analysis  of  C.  W.  Eliot  &  P.  H. 
S*oi«r,  as  reviacd  by  W.  R.  Nichols.  Sixteenth  edition.  Newly  revised  by  W.  B.  Lindsay, 
A.B.,  B.S.,  Professor  of  Chemistry  in  Dickinson  CoUes^e.  New  York  :  D.  Van  Nostrand 
ft  Co.   189a. 
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little  that  is  new  in  thi:  nR*th<Ml  <»f  ti-stin^  t«>r  .i«  i(!*«      l'.ir:  II  v«  t::^:=« 
(lirtrtions  ftir  working  with  Miti'^t.uuv**  i>f  iink!ii>Mii  o*n:;-'^:t-  c 
The  apiH-ndix  whirh  clii«<-*i  thr  N«»k   nixi!-  riv:ft:i.n       I"--:  c^ats 
|)K-,  the  aiithur  ilinvts  th:it  rmnfiiitn  Milphuru'.  h>«!r«^hI<-rH   lai 
nitric  acitU  sh.ill  In*  nM*tl       N«iw  thi-M-  aciiU  :irt'  n^ualN  .  i.rz>ml 
univi'rs.illy.  very  impurv       The  snlphiirii"  KifUTaI'.\  i>'til.k:r;*  :•'«. 
lead  an«l  arM.'ni\-       The    h\ilri«'hl«>n(-   omt-uiiH   .itmtsi.      :r  ••:    in»i 
chl«  ir  Hu*.  .11  It  I  «it'tcn  MNlinni  sulphate  ami  irvx-  M:!;'uru'  ^^.c!       T 
nitrii*  almitst  niv.maMv  oinlani'*  Mulinni  Hu-phate    :m-  *u!p?-..: 
aci«l  an«l  i'hinrine.     Sueh  (lirevliouH  .ire  i>t'  !::i!e  oinMi^iit-nvT  mh 
the  teai'her  i'*  ei»ni|Kte!il  .iml  kiMW^  fitter,  luit  when-    -i*  >     ::r2 
the  ease  in  si>  i-.illril  Ui^^U  s4'h«N»U.  the  tea^iurH  knovi'.oi^r    :%  .i*» 
l;iinetl  eiitireU    tri»ni  the  NMik.  thr  rr"»ii!t<«  are  :i«i!  rrio-uri^^^^ 
The  iilcl  taHhi«i]u<l  turni  i>l'  l>li»vver  t«ir  Mast  I.inip  is  t'lic^^r^  •    ^  F^C^ 
I7^.      KUti'her's  t'urin  is  ix-rtainlv  prclVraMe 

Brown's  Assaying^.*    The  thini  ol:tM!i  i>i  thi^^  n»  k  »i«  rr 

viewet!  in  thi**  Journal,  Vi»l  III.  p  4''4  In  th:*  !ii:r!!:  ol::  r  i 
oinsiiUralile  ani«tunt  of  niw  materia!  ha^  f^-vn  .ktliU^!  :hc  \»*k 
iinw  ei»ntainin^  ^  ;;  pa^'i-^  The  eJi.ipter  *m  "  I^.i-l  ••ri-s  h**  **▼« 
fewiitteii  T«»  t!ie  .ipjuiiMix.  I'li.ipters  ujMin  the  T:n  As%a\  .« 
■■(••■M  AwA  S:'.\eT  c  >Te^.  mu\  a  •'httrt  eh.ip:r:  "W  thr  I^trrsiaA 
tii'ii  «i|  \\u-  SjHiitit  iW.iMtx  •■!  M:nir  iS  hue  Uv!;  .i«i>W^!  To 
tit  t!ir  niinii.i!  Ii^r  thr  lin^i^h^h  iii.irki*.  !!ie  \a'.iit*^  are  a!«  i^'^r? 
Ill  Mii^li'^h  i;i«'Tiey 

I   ■:'  I*'.'  ■•  •      ■     «    •■!        I>t    U  J  rr  •    :  «^r    |4-     «ri     !■    <«.         t    «*•t^    r*'..-  .    i      4   ..  •:  i     ■  !•.*«»»& 
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NOTES   ON   THE  DETERMINATION  OF  PHOSPHORUvS 
BY  NEUTRALIZATION  OF  "THE  YELLOW 

PRECIPITATE."* 

By  Dk.  M.  Rothueko  and  W.  A.  Auchinvole, 

Some  years  ago  F.  Hundeshagen  {Zeii,  anal.  Chcm.  28,141-172) 
advanced  the  opinion  that  phosphomolybdate  of  ammonium  may 
be  titrated  with  caustic  soda.  A  synopsis  of  his  method  is  as 
follows : 

The  *' yellow  precipitate*'  is  washed  with  neutral  ammonium 
nitrate  and  dissolved  in  warm,  dilute  ammonia,  excess  of  ammonia 
expelled  by  evaporation,  and  nitric  acid  added  to  re-form  the  yel- 
low precipitate.  After  again  evaporating,  to  decompose  ammonium 
nitrate,  raising  the  temperature  finalh'  to  180°,  the  dish  is  cooled, 
and  a  measured  amount  of  caustic  soda  added.  After  stirring  until 
all  is  in  solution,  the  excess  of  alkali  is  found  by  titrating  back 
with  standard  nitric  acid,  using  phenolphthalein  as  an  indicator. 
I  cc.  of  "^^  soda  equals  0.00061739  gm.  of  phosphoric  anhydride. 

In  the  Jour.  Anal,  and  Appued  Chem.  for  February,  1892, 
Mr.  C.  E.  Manby  gives,  practically,  the  same  metliod  as  the  result 
of  his  own  independent  investigation. 

Without  again  going  over  the  ground  .so  well  covered  by  Mr. 
Manby's  paper,  we  will  give  the  results  of  our  exi)eriments,  thank- 
ing Mr.  Manby  for  valuable  suggestions. 

The  method  as  it  stood  was  too  long  to  ])e  culled  a  "rapid" 
method,  and  after  a  few  experiments  we  found  thai  good  results 
could  be  obtained  by  titrating  the  "yellow  precipitate"  directly, 
without  previous  re-precipitation,  w-ith  the  advantage  that  it  short- 
ened the  method  by  at  least  one-half 

From  the  results  of  our  experiments,  we  are  led  to  ])eliove  that 
only  with  extreme  care  is  it  po.ssible  to  o])tain  good  results  witli 

•Thi* article  was  received  liefore  the  article  by  J.  O.  Hniuly  in  thr  Ajnil  No  h.-ul  hirii 
published  — Ed. 
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thi*  i*vn|M)ratioti  iiu-iIknI.  and  in  making;  a  run   of  fnrt%    r> 
phosphorus  (lt*ti*nnin;i lions  |x'r  ilay.  as  wv  uMiall\  d*»  ^•rnc  ?>■!» 
fuMtion  was  ntix-^sary  if  wc  wishi-«l  lii  um-  the  nirth««l 

I»KT\ILS 

Takf  I  li»  i  KniH.  nf  sUx*I.  atxonlin);  as  thi*  |»h""»ph«  ft:*  •%  •  £i 
or  lt»\v,  put  in  a  i?o/  Krli.iimi"\ i-r  tla^k.  .\M  i\  i^-  -*  ••  •  •.•« 
aci<l,  1.2**  sp.  ^r  ;  as  siM>n  as  vioU-nt  ailn'n  ^v.ims  •.•:!  .  *■.  :V 
lamp,  lirin^  in  .1  lutil,  nxuli/c  with  firrni.inkiart.iti  •!«%-  '\r  *ht 
pro- i]iita till  nianKani'M*  dioxiil  with  su^ar  t»T  !V?T'»r.*  •■.j-atc 
Imil  OIK-  nnnnti-  lim^i-r.  iihiI  tn  aUnit  4*'  C  .  ■»  id  ;  * '•  .•  k^ 
nioUUlati'  sohition.  shake  fi>r  «>nc  niinutr.  »ta!:il  :!i  1  w  tr?::  ;■! 
for  five  niiiuitrs.  .ind  ihm  f'lUrr.  usinj;  a  7  iui  S  \  S  N  t 
t'lltiT:  linsr  «iut  thi-  tlask  with  ont*  |x*r  ivnt  trtru  a^'.-i.  a:i-\  «a%^ 
four  tinu's  cm  the  hlti-r  with  the  vinsr.  thru  wash  fi\r  Tni^^  «:sli 
|M»tassium  nitrate     3  ^nis    |ier  hter  .  to  renio\r  trrc  t;:!r:«'  ^Z't 

Tr.msfer  pa  jut  am!  pre\*ipitate  to  ,1  ^  o/  l^-akr?  *1  !  T  <a  • 
liurette  enough  st.niilard  sinl.i  ti»  ihs^ilve  the  prnip:!Ji!f  I  '-!c  a» 
^•o'  with  water,  a<M  .*  (Ir(i|vs  nf  pheii'ilphthalein  aivi  !-:riU  M 
iMue  with  a  st.itiil.iri!  sulut'.oii  ol  nitric  aeiil 

As  the  oini{Niuii<l  li •rilled  li\  thss«d\inK  the  "\r*.li>w  *rr^*;*  !iSr 
111  r.iustu    s-wla  Is  \er\    \ol.it!'.e.  it  is  rs^*nt!.il  th.i!  \\:v   \'.r a\    c  He 
iii.iile  priiiTi]itl\ 

II  the  sii'tutions  .ire  t>i  siu  h  strength  that  1  »\'  a'ki!:  r>|*.:i'.»  :  <x 
.\ku\.  am!    I    ^jni    n!   sti-rl   is  t.ikeii   !•  r   a  «*.etrrnir:;4!  ■  •? •    :**^-    '^ 
I'tiiiitiiiiet!  alkuh  in  li      ■     >>.*       ;i«-t  ivnt    phi»sp!*.«'r;:s    -.*    «  i««;:3«il 
til  it   "   S4  lint  ions  .ir«   ii«<«! 

\Vt    I'.ivr  \ef.:»«!  ■■::!  \\'»rk  *  \  k^rt^  :nu  trii   iiu!h«ai%    irvl  T.*^  ^ 
'*tr'it'*   .i»:Tit    I  liis<!\         In    .i    Hilt  I    :!i  wli:i)i    litatTh    (t^rfctt  X   K* 
:  .•:i:i!      -,;   I'.  \\i    ti-.iril        ,4       -/■ 

\\  I    \\\\\  H  i\    !!i    rt  ^  ir  1   \'t   ri'.!:'  ••-.^   .u'.r    s;jn.ljTd«    thi!  mx   T' 
! ':  '  ::;    •    !l:t    -  r:ii    ■•    i".'.«:    i-*  .  r:r    1  i:!\    w«Tk     '..iki!'..:    i  «!ar>ii"-!  rm 
*.]:•    .'..-.    ■    :■.:•■      ir.-\  !:     iV.:i»;    1*!  «  \.   \'.\   tin-  %.iru 

\\  •  '■•  '.  I  \'  *.):  i*,  !■  -.I',  r  « rr-  •"»  i**  "  ^r'.\  !«•  **  !nlr«^li:»x'«t  t.  ^wai( 
'.''  .     !■  ■  •'    •.  •'  ■    : .  v'.'in  •!■ -ti  N  :*.:i  : ';,*1  i^r  '.:\  wi   ^  ■.•:*,  f^<       %t4 
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Study,  which  we  hope  to  treat  in  another  paper.  Kor  the  pre.«eiit 
vc  will  simply  say,  "when  just  enough  caustic  soda  is  added  to 
dissolve  the  precipitate,  and  the  solution  is  evuiwrated  spontaiie- 
onsly  over  sulphuric  acid,  it  shows  white  eflloR-scent  crjstals, 
easily  soluble  in  hot  or  cold  water." 


THR  DETERMINATION  OF  SI'LFTTR  IN  IRON 

AND  STEEL. 


Place  3  gins,  of  drillings  in  a  pint  flask  //,  and  close  it  with  a 
rubber  cork  fitted  with  funnel  tube  and  delivery  tnbe  c.  and  tul)C  a. 
Similarly  close  bottle  D  with  cork  fitted  with  tulx;  r'  and  r"  ; 
connect  c  and  r'. 

To  flask  B,  which  should  be  about  one-half  the  size  of.-/,  add 
15  cc.  of  an  animoiiiacal  cadmium 
chlorid  solution  and  dilute  with 
100  cc.  of  water.  Insert  a  glass 
tube  in  B,  and  conTieot  it  with  c". 

Fill  tube  6  with  dilute  hydro- 
chloric acid  (etjual  parts  acitl  and 
water),  and  lilow  through  a  to  lie 
sun;  of  no  leak.  Replace  cap  a',  and 
ad<I  to  fla.sk  .-/  80  cc.  of  dilute  hydro- 
chloric acid. 

lioil  the  solution  until  the  drill- 
ings are  dis.solvL'*!.     When  no  more 
gases  are  e\-<)hed  at  /i.  remove  the 
(lame  and  blow  thmugh  «  t"  drive 
over  any  evolved  gases  still  rcnnain- 
ing  ill  ^J  and  /?.     I^^'avc  «  uncapped 
and  disconnect  r"  from  the  tuln.-  in  /•'. 
All  the  sulfur  generated  in  .1  is 
now  contained    in    /I   :is   cadniiiim 
chlorid.     Any  hydrochloric  acid  distilled  over  will  remain  in  /'. 
Now  add  to  /I  a  few  cc,  of  starch  water  {allowing  iht-  liihe  tn 
remain  in  the  flask,  as  some  oadniiuni  sulfid    is  .ipt  tn  ndlun-  to 


J4^»  nr.TrRMivKTifiN  or  sn.rik 

il;.   :iciilu1at(.-   wilh    ••innik:    hv'JtiKlili»ru-    .u'i«l     .iiiil    rmrrTofiitr'* 
titrate  with  .1  >l.in«l.ir.l'/ti!   uhUu  nii'.iiiiiiii       A^::!.i'.i-  thr  ■•  •  >•!•• 
i»f  ihf  lla»»k  jiisl  lK.lnrr  t'.tr.ititik;.  iii  ••rilrr  t«»  iii-'iirc  .i^i-rv.;  IcTc  %."u 
tiiiii  lit'  thv  i-.nlniiiitii  <»iilt':il 
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rett  &  Blair,  and  others.     They  have  always  agreed  to  .004  per 
cent,  or  less. 

It  must  not  be  forgotten,  in  connection  with  this  or  any  evolu- 
tion method,  that  in  the  case  of  pig-iron  some  sulfur  is  liable  to 
remain  in  the  insoluble  carbonaceous  residue,  which  should  always 
be  examined  when  absolute  accuracy  is  retjuired.  In  technical 
analyses,  however,  the  carbonaceous  residue  is  not  generally  ex- 
amined for  pig-iron  of  ordinary  composition,  as  it  rarely  retains 
more  than  a  very  small  proportion  of  the  total  sulfur  in  the  iron; 
but  this  is  a  matter  best  left  to  the  individual  judgment,  for  great 
diversity  of  opinion  seems  to  exist  as  to  the  necessity  of  examin- 
ing such  residues. 

ON  LABORATORY  VENTILATION. 

By  Charles  I*.  Mahrky. 

The  chemical  laborator>'  has  become  an  important  feature  in  the 
various  departments  of  higher  education  and  an  indispensable 
adjunct  in  scientific  training.  Instead  of  buildings  or  rooms  of 
moderate  size,  within  ten  years  the  rapidly  increasing  classes  in 
chemistry  in  colleges  and  schools  of  science  have  rendered  neces- 
sar>'  buildings  and  even  rooms  large  enough  to  accommodate 
comfortably  several  hundred  persons.  It  is  a  familiar  fact  that 
the  atmosphere  of  a  laboratory  has  a  well-established  reputation 
for  odors  that  are  not  especially  agreeable  to  persons  unaccustomed 
to  them.  That  the  ordinary  smells  and  odors  in  a  well  ventilated 
labf)rator>'  are  not  unhealthful,  is  well  attested  by  the  unimj)aired 
health  of  instructors  who  have  s]:)ent  a  large  portion  of  their  lives 
in  such  atmospheres.  With  a  moderate  number  of  i)ersons  at 
work  in  a  laboratory  room  of  suitable  size,  it  is  a  matter  of 
no  especial  difficulty  to  carry  away  the  deleterious  gases  with- 
out contaminating  the  general  atmosphere.  But  with  larger 
classes  general  ventilation,  which  includes  complete  remo- 
val of  injurious  gases  simultaneously  with  sufficient  renewal 
of  the  atmosphere  of  the  room  to  keep  it  in  good  condition, 
presents  features  that  require  careful  consideration.  It  must  ]»e 
distinctly  understood  at  the  outset  that  proper  ventihition  of  sndi 
a  rcH)Tn  requires  two  .systems  operating  independently,  and  at  the 
same  time  to  a  certain  extent  in  conjunction  with  each  other. 
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of  the  building  with  the  exit  flues.  All  these  flues  are  constnicted 
in  the  two  cross  walls  enclosing  the  main  hall,  which  is  thirteen 
feet  wide.  Each  flue  has  a  terra  cotta  lining  8x12  in.,  with  the 
lower  opening  7  ft.  from  the  floor,  and  they  are  brought  together 
above  the  fourth  floor  into  four  larger  flues  b,  each  36x21  in., 
which  begin  on  the  fourth  floor.  On  the  fifth  floor  each  of  the 
larger  flues  has  an  opening  21 X48  in.,  closed  by  an  iron  door,  and 
opposite  each  door  is  a  steam  radiator  of  30  ft.  radiating  surface, 
heavily  coated  with  asphalt  paint.  The  radiators  have  automatic 
air  vents,  and  they  are  attached  to  a  separate  steam  pipe  with  a  valve 
in  the  basement.  Two  flues  entering  the  left  main  flue  b,  plate  W,  in  a 
cross  wall  are  not  shown  in  the  section.  As  a  i)art  of  the  general 
ventilation,  the  lecture  room  has  six  openings  at  the  base  leading 
into  flues  that  extend  to  the  basement  for  connection  with  the 
blast  pipe,  and  a  register  in  the  ceiling  20x24  in.  oj^ening  into 
the  large  flue  «,  section  A,  The  general  lalK>rat()ry  has  {\\^  flue 
registers  at  the  base,  and  the  ceiling  oj^enings  enter  the  escape 
flues  a,  the  larger  (36  x  30  in.;  containing  on  the  fifth  floor  a  capa- 
cious tin-lined  copper  box  for  supplying  distilled  water  from  con- 
densed steam.  Four  flue  registers  are  also  set  at  the  base  of  the 
quantitative  laboratory  on  the  first  flcxjr,  and  the  cx^iling  opening 
is  at  the  base  of  the  larger  flue  a,  plate  B,  The  dotted  line  at  the 
left  of  this  flue  represents  the  position  of  the  smoke  flue  leading 
from  the  boiler  room.  The  tops  of  these  flues  are  Soft,  from  the 
basement  floor. 

The  air  blast  is  given  by  a  Buffalo  pressure  blower  capable  of 
delivering  any  desired  vohmie  of  air  lx:low  2,80)  cubic  feet  jx-r 
minute.  It  is  set  so  as  to  take  air  from  outside  the  building,  and  in 
cold  weather  to  send  it  through  a  chamber  containing  a  steam  coil. 
The  motive  power  is  obtained  by  means  of  a  three  kilo-watt  ICdisoii 
Motor,  and  attached  to  the  same  connter-sliaft  is  a  small  high  i^rts- 
sure  blower  to  supply  an  air  blast  for  lamps  and  furnacus.  Through 
the  generosity  of  the  Cleveland  Electric  Power  Co.,  an  eluctric  cur- 
rent of  about  500  volts  is  taken  from  their  struct  main.  The  ad- 
vantage of  four  large  flues  is  evident  from  the  operation  of  tlio 
system  ;  with  a  smaller  number  it  would  Ix*  difiicult,  if  not  inij>os- 
sible,  to  carry  gases  so  far  against  strong  wintls  ])lowing  in  the 
opposite  direction.     In  its  efficiency  and  the  slight  care  lliat   it 
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requires,  thi<i  mi*th<Nl  of  ventilation  is  in  all  re^jiiT-tt  ^tt^ 
In  vvm*  huiHl  flue  thfrt*  is  a  strong  u]i\«nril  (Iraiu'hl 
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was  collected  near  the  ceiling  and  another  (2)  at  the  level  of  the 
working  tables.  Calling  this  set  of  samples  (a),  a  second  set  (^) 
was  collected  at  the  same  point  with  the  ceiling  ventilators  open 
and  the  base  registers  closed.  A  third  set  (c)  was  collected  with 
the  system  in  full  operation,  the  blower  delivering  1200  cu.  ft.  of 
air  per  minute.  This  room  is  57  x38  ft.  and  16  ft.  high.  The 
samples  were  collected  when  the  room  was  occupied  by  65  persons 
with  lamps  burning  freely  throughout  the  room,  and  the  condition 
of  the  atmosphere  is  shown  by  determinations  of  CO,,  which  gave 
the  following  results : 

Parts  of  CC\  in  /o,o<x>. 

a,  d.  c. 


I.  12  12  122 

CO, 23.68    23.23        16.95    15.40       9.15    8.13    8,17 

For  the  sake  of  comparison,  carbon  dioxid  was  determined 
in  the  lecture  room  with  the  base  registers  closed  and  the 
ceiling  register  open  after  it  had  been  occupied  45  minutes  by 
50  persons.  The  samples  collected  near  the  outer  wall  contained 
9.99  parts  CO,  in  10,000,  and  a  second  sample  collected  near  the 
interior  wall  contained  1 1.47  parts  CO,.  In  analysis  of  the  atmos- 
phere outside  the  building,  Professor  Smith  found  4.42  parts  CO,. 

The  operation  of  this  system  of  ventilation  as  it  is  demonstrated 
by  the  circulation  in  the  diflferent  parts  and  by  the  composition  of 
the  atmosphere  under  varied  conditions  shows  clearly  that  upward 
circulation  assisted  by  pressure  is  the  simplest  and  the  most  effi- 
cient means  for  adequate  renewal  of  the  air,  at  least  in  a  chemical 
laboratory.  Between  such  a  system,  and  one  frequently  in  use  in 
which  the  vitiated  air  is  allowed  to  rise  to  the  ceiling  and  is  then 
drawn  downward  through  base  openings,  the  essential  difference 
is  that  in  the  first  the  air  is  in  its  best  condition  in  all  the  lower 
parts  of  the  room,  while  in  the  second  the  air  in  such  portions  of 
the  room  as  are  near  the  base  openings  is  always  vitiated. 

I  desire  to  acknowledge  my  obligations  to  the  architect,  Mr.  F, 
S.  Bamum,  for  the  efficient  aid  he  has  rendered  in  tlie  construc- 
tion of  the  details  of  this  system,  especially  in  the  general  ventila- 
tion of  the  building. 

Chemical  Laboratory  of  the 

Cask  School  ok  Ai'plikd  Scikncr, 

May  17,  189a. 
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A  recent  method  of  concentrating  and  enumerating  the  larger 
organisms  (diatoms,  algae,  etc.)  is  the  Sedgwick- Rafter  method, 
devised  and  used  in  the  lal>oratory  of  the  Massachusetts  State 
Board  of  Health.  In  this  method  a  measured  amount  of  the  water 
is  filtered  through  a  plug  of  .sand  of  suitable  fineness  and  purity. 
The  larger  organisms  remain  upon  the  sand.  Bacteria  and  disease 
germs  pass  through  the  sand  and  esca|^  the  examination.  The 
sand  is  removed  from  the  funnel  and  agitated  with  a  measured 
small  bulk  of  water.  The  sand  sinks  promptly,  leaving  the  larger 
organisms  in  suspension.  A  measured  small  ])art  of  this  water  is  ' 
then  placed  in  a  special  cell,  and  the  organisms  are  counted  under 
the  microscope  by  use  of  a  device  in  the  eye-piece  which  restricts 
the  field  of  view  to  a  small  square  of  known  dimensions.  (Mass. 
State  Board  of  Health,  Report  on  Purification  of  Sewage  and  Wa- 
ter, 1890,  pp.  799-811.) 

Now  it  occurred  to  me  that  if  «//  the  suspended  matter  (includ- 
ing bacteria  and  disease  germs)  in  a  measured  amount  of  water 
could  be  brought  upon  an  ordinary  cover-glass  or  slide,  unmixed 
with  any  filtering  medium  or  other  foreign  matter,  it  would  give 
both  a  qualitative  and  quantitative  exactness  to  the  microscopic 
examination  of  sediments.  For  this  purpose  I  have  devised  the 
apparatus  figured  herewith.     (U.  S.  Pat.  474,267.) 

The  apparatus  is  shown  in  section  in  Figs,  i  and  2.  Fig.  i 
shows  the  arrangement  for  depositing  the  sediment  upon  a  cover- 
glass.  Fig.  2  is  an  arrangement  for  deposition  u])on  a  slide.  A 
is  a  graduated  glass  tube  5  inches  long  and  ^^  inch  in  internal 
diameter,  open  at  both  ends,  and  ground  off  .sciuare.  The  base  of 
the  tube  is  2yi  inches  in  diameter.  The  filter  7?  and  cover-glass 
Care,  for  the  purpose  of  better  illustration,  exaggerated  in  size  : 
Z?  is  a  pile  of  blotting  paper,  cut  in  .sizes  about  2':-  inches  square; 
/T  is  a  glass  vessel  :  /^is  a  brass  base;  and  (r  is  a  spring  whose 
oT^ject  is  to  press  the  filter  tube  firmly  in  contact  with  the  mass  of 
blotting  paper.  The  pressure  may  be  graduated  by  means  of  the 
links  of  the  chain  //. 

In  Fig.  2,  y  is  a  sponge  which  takes  the  place  (»f  the  blotting 
pad  in  Fig.  i  ;  /is  a  glass  slide;  A' is  a  loose  glass  cover.  In 
operation,  the  liquid  is  slowly  drawn  olT  in  the  direction  of  the  arrows 
by  the  capillary  attraction  of  the  bibulous  material,  while  the  sns- 
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upon  the  cover-glass  or  u|X)n  the  slide.  The  cover-glass  is  per- 
haps preferable.  The  apparatus  is  shown  in  Fig.  i.  Take  a 
piece  of  No.  2  Swedish  filter  paper  about  two  inches  in  diameter 
and  make  an  aperture  in  the  centre  of  it  yi  inch  in  diameter. 
This  is  the  filter.  Make  it  thoroughly  wet  and  place  it  evenly 
over  the  aperture  at  the  base  of  the  tube.  Place  a  well  cleaned 
one-inch  cover-glass  evenly  over  the  opening  in  the  filter.  It 
will  adhere  to  the  wet  filter.  Moisten  the  top  piece  of  the  pad  of 
blotting  paper  and  replace  it.  Place  the  top  of  the  tul^  through 
the  loop  ;  bring  down  the  tube  carefully  upon  the  blotting  pad  so 
as  not  to  displace  the  cover-glass.  Then  pull  down  and  fasten  a 
link  of  the  chain  when  the  desired  pressure  has  l>een  attained. 
The  apparatus  is  now  ready  for  filtration. 

Shake  up  the  sample  of  water  in  a  glass  vessel.  Then,  by 
means  of  a  pipette,  which  is  moved  about  while  the  water  is  being 
drawn  in,  take  out  a  sample  of  water  and  place  it  in  the  tube 
until  the  desired  amount  is  obtained.  It  is  not  possible  to  get 
even  moderately  agreeing  results  from  the  same  bottle  of  water 
when  the  water  is  .shaken  and  poured  into  the  filter  tulxi.  The 
suspended  matter  does  not  remain  uniformly  distributed  through 
the  liquid  during  the  act  of  pouring.  Cover  the  tube  with  a  glass 
slip  and  set  it  aside,  merely  taking  note  of  the  beginning  and  end  of 
the  filtration. 

In  experimenting  on  the  water  of  the  Delaware  river,  it  was 
found  that  all  enumerations  of  the  larger  organisms  agreed  fairly 
well  when  the  time  of  filtration  of  25  cc.  was  over  three  hours. 
When  25  cc.  required  two  days  or  more,  bacteria  were  found  in 
abundance  upon  the  cover-glass.  In  general,  it  may  Ix?  said,  that 
the  more  minute  the  object  sought  for,  the  slower  the  filtration 
must  be. 

Dr.  A.  L.  Kotz,  in  experimenting  with  the  apparatus  u])on  a 
sample  of  cistern  water  that  had  caused  a  local  epideniic  of  typhoid 
fever,  found  that  when  10  cc.  filtered  in  20  hours,  he  obtained  no 
typhoid  bacilli  in  the  deposit.  When,  however,  5  cc.  recjuircd  3 
days,  the  characteristic  bacillus  was  found  in  abundance.  I  )r.  Kot/ 
was  afterwards  able  to  confirm  the  results  of  this  direct  examina- 
tion by  succeeding  in  the  preparation  of  jnire  cultures  of  tyj^hoid 
bacilli  from  the  water. 
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The  results,  192  in  sample  C,  and  44  in  sample  D,  show  that 
filtration  is  too  rapid  when  only  one  hour  is  required.  Allowing 
an  average  of  300  of  these  larger  organisms  to  each  cubic  centi- 
meter, we  take  in,  in  an  ordinary  glass  of  water  of  200  cc.,  about 
60000  of  them.  It  is  fortunate  that  these  do  not  belong  to  the 
harmful  class  of  micro-organisms. 

If  desired,  the  sediment  may  be  deposited  upon  the  slide  instead 
of  upon  the  cover-glass,  as  shown  in  Fig.  2.  The  perforated  filter 
(2x3  in.)  is  saturated  with  water,  and  the  glass  slide  is  laid  down 
upon  it  so  that  the  aperture  in  the  filter  is  exactly  in  the  middle 
of  the  slide.  The  ends  of  the  filter  are  then  folded  over  the  back 
of  the  slide.  The  slide  is  laid  over  the  mouth  of  the  vessel,  which 
contains  a  sponge  which  has  been  wet  and  well  squeezed  out. 
The  sponge  must  press  against  the  bottom  of  the  filter  The  slide 
and  filter  may  also  be  laid  upon  the  blotting  pad  as  in  filtration 
upon  the  cover-glass. 

For  the  examination  of  stagnant  water,  it  is  well  to  use  a  cell 
just  large  enough  to  fall  within  the  rim  of  the  tube.  Examina- 
tions carried  on  in  this  way  are  vastly  more  interesting  than  by 
the  usual  way  of  placing  a  single  drop  under  the  cover-glass.  The 
apparatus  enables  us  to  crowd  all  the  life  of  many  hundred  drops 
under  one  cover-glass,  and  a  more  interesting  sight  it  is  not  possi- 
ble to  imagine.  In  this  way  I  was  enabled  to  crowd  a  slide  with 
the  beautiful  Volvox  Globator  to  such  an  extent  that  I  had  the 
pleasure  of  seeing  90  individuals  in  the  various  stages  of  their 
life  histor>'  in  one  field  of  view. 


DETECTION  AND  ISOLATION  OF  TYPHOID  BACILLI 

IN  CISTERN  WATER. 

By  a.  L.  Kotz.  M.  I). 

The  following  notes  are  the  record  of  a  bacteriological  examina- 
tion of  a  cistern  water,  consumed  by  two  families,  in  which  six 
members  were  attacked  with  typhoid  fever,  and  two  died. 

The  water  for  analysis  was  collected  in  a  sterilized  Erlennieyer 
flask,  from  the  spout  of  a  chain  pump,  after  the  water  had  Ijeen  kept 
running  about  five  minutes.  It  had  a  slight  ochre  color,  but  was 
perfectly  transparent.  About  one  hour  after  the  water  was  col- 
lected, four  gelatine  culture  plates  were  prepared  of  it ;  two  with 
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water,  in  the  shortest  possible  time.  By  using  moistened  and 
sterilized  nianila  paper  for  the  filter  (which  answers  b>est  for  this 
purpose)  one  cubic  centimeter  of  water  will  pass  through  the 
apparatus  in  about  24  hours  and  leave  the  organisms  evenly  dis- 
tributed over  the  cover  glass.  In  case  pathogenic  germs  are  found, 
the  water  may  safely  be  condemned  until  the  results  of  culture 
tests  become  know^n. 

CHANGES  OF  METHODS  OF  ANALYSES  BY  THE 
ASSOCIATION  OF  OFFICIAL  AGRICUL- 
TURAL CHEMISTS. 

[From  the  Laboratory  of  Brbyer  and  Scii\vkit/.i:r,  i.s';|  Front  St.,  N.  v.] 

The  methods  of  analyses  of  agriailtural  products,  as  laid  down 
by  the  Association  of  Official  Agricultural  Chemists,  are  applied 
by  man}'  chemists  who  do  not  belong  to  that  learned  society. 
Some  use  these  methods  because  the  original  literature  is  not  accessi- 
ble to  them  ;  others,  especially  those  connected  with  the  fertilizer 
trade,  because  they  are  compelled  to  follow  those  directions,  very 
often  against  their  better  knowledge,  in  order  to  obtain  analytical 
results,  conformed  to  those  obtained  in  the  State  Agricultural 
Experimental  Stations. 

These  methods  being  published  by  the  authority  of  the  vSecre- 
tary  of  Agriculture,  and  thus  having  the  appearance  of  oflicial 
approval,  it  ought  to  be  supposed  that  there  always  must  be  only  the 
best  of  reasons  to  warrant  any  change  in  a  method  once  adopted, 
which  has  the  sanction  of  chemists  of  the  highest  standing. 
Therefore  it  is  difficult  to  understand  how  the  chemists  assembled 
in  the  lecture-hall  of  the  Columbian  University  of  Washington,  on 
August  14,  1 891,  could  have  assented  to  the  proposition  of  \Vm. 
C.  Stubbs,  Ph.D.,  Audubon  Park,  New  Orleans,  La.,  to  change 
the  figure  144  in  Clerget's  formula  (Bulletin  31,  p.  76)  to  142,  4. 
Anyone  proposing  such  a  change  in  a  formula  which  is  used  by 
all  the  chemists  in  the  sugar-industry,  and  is  ap])roved  by  the 
highest  authorities,  is  at  least  supposed  to  be  well  versed  in  the 
appertaining  literature  and  to  be  possessed  of  sufficient  penetration 
to  discover  the  difference  Ix^tween  the  conditions  to  which  the  fic:- 
ures  142.4  and  144  respectively  apply.  I'or  the  first,  time  this 
change  was  propo.sed  in  the  "Siigar-Caiic,"  Vol.  22,  No.  246,  p. 
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were  certainly  too  low  (too  low  leflhand  rotation)  for  some  reason,  of  course 
unknown  to  nic,  the  authors  of  the  report  conclude  :  "These  results  would 
ap])ear  to  confirxn  ver>*  fully  the  correctness  of  the  constant  142.4  .is  obtained 
)>y  Landolt."  And  thereby,  without  much  ado,  is  condemned  a  method  and 
a  formula  recommended,  tested,  and  retestcd  by  chemists  of  high  standing 
and  authority.  The  above  results  of  the  Committee,  however,  do  not  by  any 
means  confirm  the  correctness  of  I^andolt*s  constant.  This  142.4  found  by 
the  Committee  is  not  the  142.4  found  by  I^ndolt,  as  Landolt  determined  his 
142.4  for  a  solution  containing  one-half  normal  weight  of  saccharose  in  100 
cc  and  not  like  the  Committee,  for  a  solution  containing  one-half  nonnal 
weight  of  saccharose  in  55  cc.  Gubb  and  others  having  shown  that  the 
rotatory  power  of  invert  sugar  solutions  increases  with  the  concentration  of 
the  solution  and  the  amount  of  acid  employed  for  the  inversion,  the  differ- 
ence between  Landolt*s  142.4  (and  Creydt*s  142,  and  Herxfeld's  142.66)  and 
Clerget's  144  is  easily  explained.  There  is,  therefore,  no  need  to  change 
Clerget*s  original  constant  and  formula  (except,  perhaps,  for  Tuchschmid's 
revised  formula),  as  Clerget*s  method  and  formula  gives  for  all  practical  pur- 
poses sufficiently  reliable  results,  provided  the  inversion,  polarization,  and 
reading  of  temperature  are  executed  with  care  and  skill.  I  am  fully  aware 
of  the  well-founded  objections  raised  against  Clergct's  method  of  inversion 
— against  the  use  of  the  German  half  nonnal  weight — while  Clerget  used  the 
French  half  normal  weight — against  the  concentration  of  tlie  acid,  ^c, 
— but  still  the  application  of  the  constant  142.4  for  the  calculation  of  the 
results,  obtained  by  polarising  sugar  solutions,  inverted  accordingly  to  Cler- 
get, will   cause  a  far  greater  error  than  all   the  other  weak  points  of  the 

method  taken  together. 

Yours,  &c., 

Thicodor  Rrkykr. 
New  York  City,  no  Front  Street. 

It  is  surprising,  to  say  the  least,  that  after  this  publication  such 
a  method  should  be  proposed  and  accepted  as  a  standard,  and  we 
take  occasion  to  once  more  call  attention  to  its  glaring  defects,  to 
prove  the  nece.s.sity  of  an  analyst's  league  against  the  rash  con- 
clusions of  a  minority  making  the  rules  as  at  present. 

Another  proof  of  the  dangers  o^ these  changes  is  the  determina- 
tion of  potassium  by  Lindo,  as  changed  hy  Gladding  in  18S5. 
After  seven  years  standing,  Mr.  Winton  now  discovers  (/>//// 31, 
p.  148)  that  the  use  of  chloride  of  s(>diuni  in  the  Lindo-Ohidding 
method  is  not  necessary.  Every  chemist  with  average  knowledge 
must  have  seen,  immediately  after  the  Gladding  method  was  intro- 
duced how  weak  and  unscientific  are  the  reasons  for  the  use  of 
chloride  of  sodium. 

We  are  now  collecting  material,  and  are  already  in  possession 
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much  copper,  or  is  hard  or  brittle,  it  is  scorified  with  the  addition 
of  more  test  lead  if  necessary.  When  the  lead  button  is  soft  and 
of  proper  size,  it  is  cupelled  and  the  button  weighed  and  parted. 
Several  scorifications  are  sometimes  necessary  before  the  button  is 
ready  for  the  cupel. 

The  two  objections  to  this  method  are,  first,  the  loss  of  silver 
during  scorification  and  cupellation,  the  latter  due  chiefly  to  the 
copper  remaining  in  the  lead  which  it  is  practically  impossible  to 
remov^e  in  the  scorifier,  and  which  takes  silver  into  the  cupel. 
These  losses  I  found  to  amount  to  from  2.33  to  2.78  per  cent,  of 
the  silver  present  in  the  copper.  My  experiments  were  made 
with  pure  copper  and  pure  silver,  the  silver  being  added  in  the 
proportion  of  100  ounces  per  ton  alloy. 

The  second  objection  is  the  small  amount  of  bullion  which  can 
be  operated  upon,  which  necessitates  the  use  of  many  scorifiers 
where  small  amounts  of  gold  are  to  be  estimated,  which  is  usually 
the  case. 

To  avoid  the  doubtful  results  of  scorification  processes,  the  fol- 
lowing method  has  been  adopted  at  the  copper  works  of  a  firm 
having  large  interests  at  stake  : 

One  assay  ton  of  copper  is  dissolved  in  nitric  acid,  diluted,  and 
allo^ved  twenty-four  hours  to  settle.  The  solution  is  now  filtered 
from  the  slight  sediment  containing  the  gold.  A  few  drops  of 
hj-drochloric  acid  are  added  to  the  filtrate,  and  the  solution  again 
allowed  twenty-four  hours  for  silver  chloride  to  deix)sit.  when  it  is 
filtered,  and  washed,  and  the  two  filters  dried,  combined,  scorified 
with  test  lead,  and  cupelled.  The  chief  objections  to  this  are, 
(i)  the  time  required  ;  (2)  the  small  amount  of  precipitate  ob- 
tained, and  the  danger  of  loss  in  scorifying  silver  chloride  :  (3)  the 
greater  solubility  of  silver  chloride  as  compared  with  the  bromide. 

While  the  method  used  at  these  works  is  an  advance  over  pre- 
vious practice,  yet  the  time  employed  and  the  uncertainties  indi- 
cated leave  much  to  be  desired.  The  protracted  time  allowed  for 
settling  is  necessitated  by  the  exceedingly  fine  condition  of  the 
gold  resulting  from  the  solution  of  a  metal  carrying  possil)ly  from 
.10  to  5  ounces  of  gold  per  ton  of  metal.  It  would  pass  through 
a  filter  unless  allowed  to  aggregate  by  standing. 

The  larger  quantity  (to  say  100  ounces  of  silver  per  ton)  will 
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continued  until  the  washings  are  free  from  copper.  Any  bromide 
of  lead  dissolved  during  the  washing,  may  be  neglected,  as  I  have 
never  found  it  to  contain  more  than  a  trace  of  silver,  even  when 
assaying  ores  carrj^ing  many  thousand  ounces. 

The  precipitate  when  dry-  can  be  brushed  from  the  paper  with- 
out difficulty,  and  thus  the  trouble  of  burning  the  filter  is  avoided. 

The  bromides  are  now  mixed  with  three  times  their  weight  of 
carbonate  of  soda  and  a  small  amount  of  flour  or  other  reducing 
agent,  placed  in  a  small  crucible  covered  with  borax  glass,  and 
melted  down  in  the  muffle.  The  button  should  weigh  about  2 
gms.,  and  be  free  from  copper  and  other  injurious  impurities. 
This  button  is  cupelled  at  a  low  temperature,  so  that  the  cupel 
"feathers*'  nicely.  The  time  required  is  from  three  to  five  min- 
utes. Duplicate  assays  usually  agree  within  two-tenths  of  an 
ounce  per  ton. 

The  following  examples  are  from  copper  bullion  : 

Ox.  Silver.      Oz.  Silver.    Oi.  Gold. 

No.  I 61.30  61.20  .10 

No.  2 63.45  63.30  .17 

Had  the  gold  button  contained  silver,  one-half  of  its  silver  con- 
tents would  have  been  added  to  the  silver  recovered  from  the  so- 
lutions, since  the  gold  is  estimated  on  the  whole  weight,  while 
two  determinations  of  silver  are  made  on  the  same  weight. 

The  following  is  an  example  from  a  silver-l)earing  cast-iron  from 
the  U.  S.  Mint  at  Philadelphia.  It  was  dissolved  in  nitric  acid, 
diluted,  and  precipitated  with  lead  and  sodium  bromide.  After 
washing,  the  bromides  were  dried  and  bnished  from  the  filter. 
No.  I  was  mixed  with  10  gms.  of  litharge,  a  little  flour,  the 
usual  amount  of  soda,  and  covered  with  borax.  Melted  down  and 
cupelled,  the  button  gave  30.80  ounces  per  ton.  No.  2  was  mixed 
with  test  lead  and  borax  and  scorified.  It  gave  29.90  ounces  per 
ton,  .90  of  an  ounce  less  than  No.  i.  However,  this  would  he 
considered  a  ver\'  close  agreement  by  the  old  method. 

The  following  is  an  ore  from  Colorado,  very  base,  and  with  a 
gangue  of  sulphate  of  barium.  It  proved  very  unsatisfactory  to 
assay  by  scorification,  duplicates  not  agreeing  at  all.  The  ore 
was  treated  with  nitric  acid  and  filtered,  the  residue  being  as- 
sayed separately. 

The  following  are  my  results  : 
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FRAME  FOR  ELECTROLYTIC  DETERMINATIONS. 

Rv  a.  II.  Mebkeb. 

This  frame  is  designed  to  unite  convenience  in  handling  the 
dishes  and  positive  electrodes,  ease  in  brightening  tlie  contacts, 
and  such  simplicity  in  make  and  material  as  will  render  it  easily 
set  up  from  what  is 
at  hand  in  nearly 
all  lnl)oratories. 

It  consists  of  a 
wire  triangle  to  sup- 
port the  platinum 
dish,  and  a.  coil  of 
wire  to  hold  the 
positive  electrode  iu 
position — both  the 
triangle  and  the  coil 
bchig  supported  by 
a  suitable  frame  of 
wood,  as  shown  in 
the  cut.  Au  auger 
hole  may  lie  bored 
in  the  bottom  of  the  frame  directly  beneath  the  triangle  to  admit 
the  tube  of  a  Bunsen  lamp  for  furnishing  heat  in  cases  where  it  is 
desired  to  precipitate  the  metal  from  a  hot  solution. 

The  frame  figured  above  was  made  from  au  old  50  lb.  bichro- 
mate box.  It  is  15  inches  long,  6  inches  high,  and  6ji  inches 
wide.  The  long  pieces  which  support  the  triangles  are  made  of 
s^  inch,  and  the  rest  of  the  woodwork  of  ^^  inch  material.  The 
triangles,  b  and  c,  and  the  coils,  d  and  e,  are  made  of  No.  1 1  co|)- 
per  wire  (or  any  fairly  heavy  wire).  The  triangle  can  be  made  in 
one  piece,  but  it  is  easier,  perhaps,  to  make  it  b>-  twisting  together 
three  tqual  lengths  of  wire.  The  only  (lisjidvantagt;  in  using 
three  pieces  is  that  by  oxidation  the  contact  in;iy  i)<)ssil)ly  become 
poor.  Each  side  of  the  triangle  mcasuns  ajj  inches  inside  the 
twist.  The  coils  are  made  by  wrapping  the  wire  s]nrally  anmud 
a  piece  of  glass  tubing,  and  then  sliding  it  off.  One  end  of  tlic 
wire  must  remain  long  enough  to  attach  to  the  Ixuk  of  the  frame, 
so  as  to  be  held  just  o%'er  the  triangle. 
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The  last  column  is  not  given  by  the  authors,  but  is  calculated 
here  for  better  comparison  with  other  data.  Experiments  6,  8,  2, 
are  rejected  by  Dittmar  and  Henderson  because  of  irregularities. 
The  ten  remaining  figures  give,  in  mean,  H  ■—  1.009 133  •  "^  .00029. 
Experiments  7,  9,  10,  11,  12,  13,  14,  prcxreeded  with  the  most 
regularity,  and  are  therefore  entitled  to  the  most  confidence.  Their 
mean  is  H=  1.00882  ;  f. 00030.  Corrected  for  a  small  amount 
of  hydrogen  occluded  by  the  copper,  this  mean  becomes  1.00848, 
or  O  =^  15.866,  when  H  =  i. — Proc.  PhiL  Soc,  Glasgow^  v.  22, 
iSgo-'9i,  p.  ?j. 

By  Lord  Rayleigh  the  density  ratio  H  :  O  has  been  thoroughly 
redetermined,  with  all  necessary  corrections.  In  mean,  from  1 1 
weighings  of  O  and  19  of  H,  the  final  result  is  : 

H  :0::  I  :  15.882. 

The  last  figure,  corrected  by  Morley's  data  for  the  composition 
of  water  by  volume,  gives  for  the  atomic  weight  of  oxygen, 
0=  15.880. — Proc,  Roy  Soc,  v.  50,  April,  i8g2. 

Boron. — Atomic  weight  redetermined  by  J.L.  Hoskyns-Abrahall. 
who  titrated  the  bromide,  BBr,,  with  a  standard  solution  of  silver. 

In  mean,  six  concordant  experiments  give  B  —- 10.816  ;  +  .0055, 
when  Ag  —  107.923  and  Br  =  79.951. — Proc.  Cheni.  Soc,  April  20, 
i8g2. 

AN  APPARATUS  FOR  DETERMINING  THE  LIABILITY 
OF  OILS  TO  SPONTANEOUS  COMBUvSTION.* 

By  Bllrn  II.  Richards. 

In  1877-79  the  New  England  Cotton  Manufacturers'  Association 
and  the  Boston  Manufacturers*  Mutual  Fire  Insurance  Company 
took  up  the  question  of  the  coaditions  under  which  the  oxidation 
of  oils,  dye-stuffs,  etc.,  in  contact  with  easily  inflammable  mate- 
rials, such  as  cotton  in  bales,  cotton  wa.ste,  rags,  etc.,  was  most 
likely  to  occur,  with  a  view  to  better  protecting  themselves  from 
loss  and  to  insure  a  more  efficient  insi^ection.  The  problem  was 
submitted  to  Prof.  Ordway,  of  the  Institute  of  Technolojj^y,  who 
suggested  a  form  of  laboratory  apparatus  to  experimentally  deter- 
mine the  facility  with  which  oils  oxidize  under  favorable  conditions. 
From  the  results  of  the  investigations  of  Mr.  William  B.  Albright, 

•From  the  Technology  Quarterly,  Dec.  rfi^i. 
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Cl.isN  III  "j;.  .iiiil   Mr.  Fu-ilt-rii  k  \V.  Clark.  Cl-i-^-:    :•.    i 
\v;i>  I  »i- rill"  If  I  wliiih  li.i-*  litvii  ii-^-i!  !iv  iik-  t\i-r   *i:;v*    i*.  ■!•. 
ill);  all  ti'*»l  tM«<-*  whuli  h.ivi*  miiu-  iiji  iii  C'titu-  t!«'!i  \*  '.V.  •. 
siir.iiuc  C"mjuiiy  "     Tlu-  lir'^l  jiciur.il  miK'.ii^i"?'.*  w«.:v  *• 
l'ri»lVH»nr  ( JriKv.ix  .  ini«!ir  \\h«»M-  dinctioti  llii    «  \jr :•:■■•  r:* 
r.irritil  nii.  iii  thr  rriKmliij*;''  ii|  llu-  Ni\i  I-!:u'".i!.'l  C-  tt   r. 
f-uturcTs"  .\hn.ki.iIu»ii.  <  K-l««!»r    ;  •.   I^7^     Ni»    -•>         Tic   : 
|Mirl  w.iH  in.ulf  lk^vl!lUr   i.   i*»*'4.  sii  S;^^  :.il   k^j-r!    N  > 
tmi  M.ir.iil.uliirrr'*"  Miitii.ii  Vwv  l!i<>iir.i:i«i   C"H'.p.»t:v 

Thr  riijiiin  i:uiit>  ••!  an  .i;'|i.iT.ilii«»  l- -r   '.  i'*'ri:r\    v.m. 
t«Ni  lai^i-.  s.ili"  l«»r  ii^r  iii  an  tiiiliii  it\    ri *•!:!.  i:i.i>i!:riK     l   ti-*' 
iiia<li-  111  .1  \\i>rkiii>;  dai  ••!  Hk^hl  h-'i:r<*,  i.i<»-.'.v  i:;.i*:  t^< -i  av 
Ml- «•!  v^ixniv;  uiii!"TI!I  aiul  rt'.n'.'.i  rr*'.;!t«».  atv  :;;'.:.'.'.■.•'.   ;■•   : 
shiiWii  III  tl'.i  li'tlitwiii^  '«ki  It  h 


t  ■.  ■** 


■ .  • 


-.V'.       •    * 


M.r- 


rt 


r.  < 


:♦* 


I*'  •     i;; '  .r  1*. ■: 


N  .    .  •  ■   ^  ■   ..  •    -. 


I 


• .   . .  •    . .  '■;'■-         •     •■•!•.'■■  I   •      ■    ■ ' 

* .•'  ■■■      .^.      ■',■ 

•      ■  i^  •  *  ^      ■  .1 

!■,-■  ■■■  _■  •  m         ^  ■• 


-*  ■ '      •  «  ■   '■■  I  •*      ••*•'*■■     ■•     "  '^ 

■  ^V  ^  •."  ■  ■%■■■  IV  A  ■  •  ■ 

I  « 

r.  :     :  ■■■^  *  .-f  ••  ••   •  t'T^J 

■ 


•  ■ 


•      t 


SPONTANEOUS   COMBUSTION   OF   OIUS.  27 1 

burner  placed  midway  between  the  ends.  The  entire  apparatus 
may  be  inclosed  in  a  shield  if  the  place  is  draughty.  The  diame- 
ter of  the  inner  tube  permits  the  use  of  fifty  grams  of  cotton  waste 
(such  as  is  used  to  clean  machinery),  to  which  is  added  an  ecjual 
weight,  fifty  grams,  of  the  oil  to  l>e  tested.  The  oil  is  evenly  dis- 
tributed by  careful  manipulation,  the  waste  rolled  compactly  but 
not  too  tightly,  and  pushed  into  the  end  of  the  tube,  which  it 
should  fill  so  that  gentle  pressure  is  required  to  move  it.  The 
bulb  of  the  thermometer  is  now  carefully  inserted  into  the  middle 
of  this  ball.  The  metal  cover,  which  should  fit  loosely  so  as  to 
admit  a  little  air,  but  affording  protection  from  currents,  is  put  on, 
and  then  the  outer  cover  of  wood.  A  blank  of  unoiled  waste  is 
placed  under  the  same  conditions  at  the  other  end.  The  ther- 
mometer in  this  blank  should  not  be  permitted  to  rise  above  100° 
or  101°  C.  at  the  mast.  To  have  it  reach  this  temperature,  the 
thermometer  must  \ye  kept  at  about  1 25°.  Since  the  balls  of  waste 
are  equidistant  from  the  source  of  heat,  the  necessary  conditions 
are  fulfilled  if  there  are  no  draughts  to  blow  the  flame  or  cool  one 
end  of  the  cylinder. 

In  this  apparatus  anything  which  can  be  finely  divided — shav- 
ings, leather,  skeins  of  dyed  yarn  or  rolls  of  dyed  cloth — may  be 
readily  tested.  Paper  pulp,  boards,  and  other  carhonizahlc  sub- 
stances may  be  tested  at  a  higher  degree  of  heat  for  inflammability. 
Coal  has  not  l)een  .subjected  to  exixiriment  in  it. 

The  results  of  greatest  practical  value  obtained  in  the  use  of  this 
apparatus  have  been,  first  determining  the  cause  of  fires  ;  and  sc^^- 
ond.  determining  the  degree  of  safety  of  the  various  oils  used  in 
manufacturing.  Mineral  oil,  as  is  well  known,  is  not  lial>le  to 
spontaneous  combustion  ;  and  a  certain  perccnta^^e  of  animal  or 
vegetable  oil  may  be  added  to  mineral  oil  without  matL-rially  in- 
creasing the  danger  under  ordinary  circumstances.  This  percen- 
tage varies  according  to  the  oil  ;  with  neat's- foot  and  first  quality 
lard  oil  some  50  to  60  per  cent,  may  Ix;  used.  With  colton-secd, 
not  over  25  per  cent,  is  allowable.  The  claim  so  often  made  for 
so-cailed  ".safe''  oils,  said  to  have  Ikcu  chan.u^ed  by  .s|)ecial  and 
secret  processes  of  refining  so  as  to  be  no  lonj^^erdan^crous,  is 
easily  exp>osed  by  this  test. 

MA«S.SACIfI'SKTT«i  INSTITI'TK  OF  Tf.CIINOUH, V. 
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AN  AUTOMATIC  WATER  STILL. 


To  those  using  distilled  water  this  automatic  water  still  will  be 
found  both  convenient  and  economical ;  being  self-regulating,  docs 
not  require  attention  when  in  use,  and  it  also  has  the  advantage 
of  being  easily  cleaned.  The  retort  has  a  well  fitted  cap  which 
can  be  removed  to  admit  the 
hand.  The  water  supply 
pipe  to  the  retort  is  provi- 
ded with  a  screw  cap  at  the 
elbow,  which  allows  both 
tubes  to  be  cleaned.  The 
inner  tube  of  the  condenser 
can  tie  taken  out  by  un- 
screwing same,  making  all 
parts  of  the  apparatus  acces- 
sible. The  retort  and  con- 
denser revolve  on  the  iron 
support,  and  any  scale  or 
deposit  may  be  rtniovcd 
without  unfastening  the 
clamp.  It  is  well  made  of 
heavy  copper,  tin-lined 
throughout. 
TO  OPKKATK  THH  STII.I.. 
Connect  the  stop-cock  to 
the  water  supply  by  moans 
of  rubber  tubing.  Attach 
sufficient  rubber  tubing  to 
the  overflow  (ui)pcr  l>enO 
pipe  to  conduct  the  cooling  water  to  a  .sink  or  waste  i>ipe.  Turti 
on  the  water  so  that  it  flows  out  at  the  overflow  IuIk-,  sufficient  to 
keep  the  condenser  cool.  Gas  coiniection  to  Bunscii  burner  can 
be  made  with  rubi>er  tubing.  The  still  is  so  arratigcd  that  the 
water  in  the  retort  is  maintained  at  a  constant  level,  and  Iwing 
small  in  quantity,  is  quickly  heated  to  Imiling;  the  steam  is  con- 
densed and  delivered  from  the  distilled  water  outlet  (lower  bent) 
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the  quantity  of  chlorine  combined  as  hypochlorite  may  l)e  calcu- 
lated. 

ESTIMATION  OF  CHLORINE  COMBINED  AS  CHLORIDE. 

The  portion  of  the  original  solution  which  has  been  titrated  with 
sodium  arsenite  is  now  conveniently  made  up  to  a  known  volume 
and  an  aliquot  part  is  taken.  To  this  part  a  solution  of  pure  po- 
tassium chromate  is  added,  and  the  solution  then  titrated  with  sil- 
ver nitrate  of  known  strength.  The  presence  of  arsenic  compounds 
does  not  interfere  with  this  titration  in  any  way  ;  in  fact,  sodium 
arsenite  may  be  used  as  an  indicator  in  the  place  of  potassium 
chromate,  and  equally  good  results  may  be  thus  obtained. 

The  figures  furnished  by  the  titration  with  silver  solution  give 
the  chlorine  present  as  chloride  and  hypochlorite  together  in  the 
original  liquid.  By  subtracting  the  chlorine  combined  as  hypo- 
chlorite from  the  chlorine  shown  by  the  titration  with  silver  solu- 
tion, the  chlorine  present  per  cubic  centimeter  as  chloride  is  read- 
ily obtained. 

ESTIMATION  OF  THE  TOTAL  CHLORINE. 

It  might  seem  at  first  thought  that  the  total  chlorine  could  l)e 
obtained  by  the  titration  of  the  original  solution  which  had  been 
electrolj'zed  ;  but  this  is  not  the  case,  as  during  the  electrolysis  of 
a  chloride  solution  there  is  a  decrease  in  its  volume  caused  bv  the 
rise  in  temperature  due  to  the  current,  so  that  the  contents  per 
cubic  centimeter  of  the  solution  before  and  after  electrolyzing  arc 
not  comparable,  unless,  in  the  latter  case,  the  solution  is  carefully 
brought  to  its  original  volume  by  the  addition  of  water.  A  further 
error  is  unavoidably  introduced  by  a  loss  of  chlorine  due  to  its 
escape  directly  into  the  air  during  the  electrolysis,  a  loss  which  the 
writer  has  always  observed  in  the  various  forms  of  apparatus 
which  he  has  used. 

As  the  solutions  under  discussion  contain  chlorine  in  two  oxi- 
dized forms  as  well  as  in  the  form  of  chloride,  it  is  of  course  evi- 
dent that  for  the  determination  of  the  total  chlorine  the  simplest 
method  will  be  the  reduction  of  the  oxidized  chlorine  compounds 
to  the  form  of  chloride,  and  a  subsequent  titration  with  silver  so- 
lution. Various  reducing  agents  have  Ix-cn  recommended  from 
time  to  time  for  the  reduction  of  chlorates  to  chlorides  with  a  view 


|sTIM\Tli»N    t»l     vllIiiWIM. 


tti  till- s\il»Mi|iuiil  li'*r.itit»ii  lit"  ihv  thli»T!«l»  H  \i:»J«  «».■!•.?•  ^V::-.*: 
AlUr  iii.i!i\  I  Njn-rinumN  tin-  writer  In-  l«ti:ii'i  :*..»:  '.':.%  •  -'.  -.a!:* 
l.itiiiTv  .i^*.iil  li»r  tlii^  xiiliiiMiiii  1-  .1  viliir.i!i«l  . i-, •.:*.» •■  -  ■*-  '  -^  .  \« 
sul|iliiiri>ii*<  .u  id  'Di:-.  \v  i>  sii-^^i  ^ii,l  S\  k"«H.  .1:1  :  !  .'^ !  I  .:rl" 
h.»»»  r.il'iol  .itli  ntiiiii  til  :l»«  I' i-^T'li- iiM  :ii  !]i>  .-^ir:"!:  -  v.  h'-'- 
r.iti-s  .in  riniijili.  ti  !>  rr'lin^il  !••  I  li!«»!:t!*"*  Ji'.  !■■:'.. v.i:  !•  r  .1  >  ■.%  -a-* 
iik'hIn  with  .111  ixn'N'.  Ill  .11  .ii|'ii":iH  *  'Ip.!  ■»!•.  «•:  -".'j':!'.:"  ■. •  x^r  i 
with  I  If  witii'iUl  I  lit-  .iiM:l:'iii  •■!   !i:!ru    '•t   •.••.'.•.■::•■:■..     \  :  '       "Htr* 

i'fiiiitiii-ri  :.it  ihl«'r.r»r  I't  !»•■!. t-li  *'\  r»'l'i't:"M  \\::!;   ••:!;■:■.;:      •    *>.■>! 
*^*1iitii>n.  .illir  .ii':ilir\  iri^  s!r.'ii^!\   \\\l'\  rs'.tr:     .1.   •*    '-    *     .;     :'.    '.Sr 
i\*iNH»,:   «.ir.jil;iir.i':»»  .i»  Jt!    :  •'.'.■•\\i  1!    *'\   !:!?  i!ii-::  w.*!.    ".•.    •    %.  !•- 
ti<iii  III  llu  t:i.i!i:ur  t'>  U-  it-.i  !it>>:ii-«l  ^hI'-v\ 


I      .-    '. 


•  •» 


J*  ■*• 


I  lull.  I  \  I  !i  '.:  ;t  :■*  !:■  ■!  .il'!til    i'.  !V.i    N^!!:!ri*.^    •.!:•    ••.'-  :  ••  '.  .^•. -,= 

I  Iiii>r.i.i'.t     I-  .1:1  !•:'.■.     .!■■:     !«',;!l:»r   \\  ;:V.  -!•:•«  r  !:!:;:■  •     .\   :      •."irr 

til! I. ill-    «-■*■:•••■!:    ti:'.i-!    !•  ■    k!-^*     *  i*. >•..'■ 'T\    :.'■.■.'. 's  ;"         *  ^  i? 

lli»ll    \\  -I-*    !!<    iV  '!    'A    !!:    .i!'.   I  \ 


•  •<••»•?'•:.•.«:  !.".!t  i*«    «-•■:■ 


••••I'fM         '.•••.  •••••1        ..''i.'        I*.       i'"'"  l'  .     *  '  *i       i\.*%»  %' 


■\l*M 


^■'..l,«'.lli.  ..•■Ilt^  .'  .•        ■  1  ill"..^ 

Tlji    :    !  1!  .  \'.\  ■:  '.:■    '•    •..:  '.:  ;-    ■  "■•  .:\     !     !  :i-     i!:.  ■  :    ■    •  •    •-.•  •    «:• 


1  r   '  -    . !  ^     :  •  .    :         ■ .  I 
''....•.    •       ,  ■ '  •  ■  •  •  ■ 

■  •  -      ■  _  ft 


A 


■  •  ■    1 


. .       . :  1 

•■I'm!.!       —        ^  •■■ 

■"....      .•!,..        •     . 


•  ^  '    •  : 


I  . .    .  .. 


•  •  4* 


I 


I  Ml 


SEPARATION  OF   ARSKNIC,    ANTIMONY,    AND   TIN.  277 

The  writer  has  used  still  another  method  which  gives  good  re- 
sults, but  it  is  less  rapid  than  those  mentioned.  After  the  deter- 
mination of  the  hypochlorite  and  chloride  present  has  been  made, 
the  total  oxidizing  power  of  the  original  solution,  due  to  the  hy- 
pochlorite and  chlorate  contained  in  it,  may  be  estimated  by  add- 
ing a  known  quantity  to  an  excess  of  an  acid  ferrous  solution,  con- 
taining a  known  quantity  of  ferrous  sulphate,  boiling  for  a  few 
moments  in  an  atmosphere  of  carbonic  acid,  and  titrating  the  un- 
oxidized  ferrous  salt  with  potassium  permanganate  or  potassium 
bichromate.  The  oxidizing  power  of  the  original  solution  can  l)e 
calculated  from  the  ferrous  iron  oxidized  by  it ;  and  as  the  hypo- 
chlorite present  is  known,  the  chlorate  present  can  be  calculated. 

ABSORPTION  OF   CHLORINE. 

In  testing  the  efficiency  of  electrolytic  chlorine  generators  it  is 
most  convenient  to  absorb  the  chlorine  produced  in  sodium  hy- 
drate solution.  The  amount  of  chlorine  already  present  in  the  al- 
kaline solution  should  be  determined  by  a  preliminary  analysis. 
The  alkaline  solution  which  absorbs  the  chlorine  will  contain  it 
mainly  as  hypochlorite,  but  also  as  chloride  and  chlorate.  A 
known  fraction  of  the  absorbing  liquid  is  taken,  made  up  to  1,000 
cc.,  and  of  this  50  cc.  are  measured  and  20  cc.  of  sulphurous  acid 
solution  and  5  cc.  of  nitric  acid  added,  tiie  sulphurous  acid  removed 
by  boiling,  and  the  the  total  chlorine  is  then  easily  found  by  the 
method  described  for  the  estimation  of  the  total  chlorine  in  the 
electrolyzed  solution,  and  from  this  the  chlorine  originally  in  the 
solution  must  be  subtracted. 

I  .see  no  reasons  why  the  metho<ls  given  ai)ove  may  not  Ix?  ap- 
plicable to  the  analysis  of  bleaching  powder  in  cases  where  the  es- 
timation of  total  chlorine  and  chloride  is  desirable. 
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By  John  Clark,  Vn.  I). 

About  a  year  ago  {/our.  Soc.  Chetn.  /ndust.,\Q^  444 ;  I  pointed 
out  that  arsenic  could  be  estimated  in  alloys  and  minerals  by  means 
of  ferric  chloride;  and  I  have  now  to  lay  before  the  Society  the 
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third  distillation,  under  these  circumstances,  the  whole  of  the  ar- 
senic will  have  passed  over  into  the  condenser.  The  presence  of 
arsenic  is  generally  indicated  during  the  distillation  by  the  api)ear- 
ance  of  more  or  less  of  a  yellow  precipitate  in  the  distillate  and  in 
the  tube  of  the  condenser.  This  precipitate  consists  of  a  mixture 
of  sulphide  of  arsenic  and  sulphur,  and  is  due  to  a  little  chloride 
of  sulphur  which  distills  oflF  along  with  the  chloride  of  arsenic,  and, 
in  contact  with  water,  is  decomposed  into  hydrogen  chloride  and 
thiosulphuric  acid,  which  in  its  turn  yields  sulphur,  sulphide  of 
arsenic,  and  sulphurous  acid.  When  the  distillation  is  completed, 
the  glass  tube  of  the  condenser  is  washed,  first  with  water,  and  then 
with  a  little  weak  ammonia.  The  precipitate  is  separated  from 
the  condensed  liquid  by  filtration,  and  the  filter  is  washed  with 
dilute  ammonia,  which  dissolves  the  arsenic  trisulphide,  and  leaves 
the  bulk  of  the  sulphur.  The  filtrate,  which  will  contain  some 
sulphide  of  arsenic,  produced  by  the  action  of  the  hydrochloric  acid 
on  the  ammonical  solution  of  sulphide  of  arsenic,  is  then  treated 
with  excess  of  sulphuretted  hydrogen,  and  the  sulphide  of  arsenic 
is  collected  on  a  weighed  filter,  washed  with  water,  then  with 
methylated  spirit,  afterwards  with  bisulphide  of  carbon,  and, 
finally,  with  methylated  spirit.  The  filter  and  contents  are  then 
dried  at  100°,  and  the  arsenic  weighed  as  arsenic  trisulphide,  As^S^. 

Antimony. — The  distillation  flask,  after  the  removal  of  the  arse- 
nic, contains  the  antimony  as  trichloride,  and  the  tin  as  stannic 
chloride,  mixed  with  ferrous  and  ferric  chloride  and  separated  sul- 
phur. The  contents  are  passed  through  a  filter  and  washed  with 
water. 

Of  the  different  methods  which  have  been  proposed  for  the  sepa- 
ration of  antimony  and  tin,  Tookey's,  which  is  based  on  the  pre- 
cipitation of  the  antimony  by  means  of  metallic  iron,  could  very 
easily  be  applied ;  but,  unfortunately,  it  has  been  found  to  be  im- 
possible to  get  correct  results  by  this  method  on  account  of  the 
readiness  with  which  the  precipitated  antimony  oxidizes.  Thiele 
(Annalen^  268«  361)  has  shown  that  when  electrolytic  iron  is  used, 
the  whole  of  the  tin  is  thrown  down  along  with  the  antimony,  even 
in  the  cold  ;  and  I  have  observed  that  thin  sheet  iron  frequently 
precipitates  more  or  less  tin  when  the  solution  is  concentrated. 
Loveton  {Jour.  PJiami.,  17,  361)  has  pointed  out  that  sulphide  of 
antimony  is  less  soluble  in  hydrochloric  acid  than  sulphide  of  tin, 
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The  principal  objection  to  Lovetoii*s  process,  as  carried  out  in 
this  way.  lies  in  the  strict  attention  which  must  Ixi  paid  to  the  pro- 
portion of  acid  and  the  necessity  of  washing  with  a  mixture  of  hy- 
drochloric acid  and  sulphuretted  hydrogen  water. 

F..\V.  Clarke  {Chem.  Ncivs,  21,  124)  has  .shown  that  stannic 
sulphide,  SnSj,  is  soluble  in  a  strong  solution  of  boiling  oxalic 
acid,  but  according  to  Wittstein  and  A.  B.  Clark,  jun.  (^Zcit.  Anal. 
Chcni.  9,  490),  the  oxalic  acid  process  does  not  give  results  of  any 
value  when  applied  to  mixtures  of  arsenic,  antimony,  and  tin.     Ac- 
cording to  F.  P.  Dewey  {Zeit.  Anal.  Chem.  21,  14),  the  failure  of 
the  process  in  their  hands  is  due  to  the  presence  of  free  minenil 
acid,  and  he  recommends  the  neutralization  of  the  free  acid,  but 
finds  it  necessary  to  precipitate  the  antimony  twice  in  a  boiling 
oxalic  acid  solution  to  get  it  free  from  tin.     From  the  results  of 
my  exp)eriments,  I  am  of  opinion  that  Wittstein  and  Clarke\s  fail- 
ure could  not  be  due  to  a  moderate  quantity  of  free  hydrochloric 
acid,  and  I  have  come  to  the  conclusion  that  when  the  antimony 
exists  in  the  form  of  trichloride,  and  the  tin  in  the  stannic  state, 
as  in  the  present  case,  a  combination  of  F.  \V.  Clarke's  and  Love- 
ton's  processes  has  advantages  over  either  of  them.     The  follow- 
ing are  the  details  of  this  method  : — The  Hquid  from  which  the 
arsenic  has  been  distilled  is  filtered  to  remove  the  sulphur,  washed 
with  water  as  far  as  necessary,  then  mixed  with  oxalic  acid  1  about 
20  parts  of  oxalic  acid  for  1  of  mixed  sulphides),  dissolved  in  hot 
water,  and   sulphuretted  hydrogen  passed  through  the  solution 
till  it  is  cold.     The  solution  should  not  be  heated  after  the  addi- 
tion of  the  oxalic  acid.     Instead  of  passing  the  gas  through  the 
solution,  excess  of  sulphuretted  hydrogen  water  may  be  added  ; 
but  in  this  case  the  antimony  trisulphide  precipitate  should  he  fil- 
tered off  shortly  afterwards,  as,  on  standing  overnight,  reduction 
takes  place,  and  a  little  stannous  sulphide  is  ai)t  to  be  precipitated. 
In  the  presence  of  the  oxalic  and  hydrochloric  acid,  only  a  ])orti(>n 
of  the  ferric  chloride  is  reduced,  and  the  whole  of  the  antimonv  is 
precipitated  as  antimony  trisulphide,  Sb.vS,.  absolutely  free  from 
tin,  and  mixed  only  with  a  little  sulphur.     The  precipitate  is  col- 
lected on  a  weighed  filter,  and  may  be  washed  witii  any  (juanlity 
of  water  w^ithout  bringing  down  tin,  and  the  filtrate  i^ives  no  i)re- 
cipitate  on  the  addition  of  a  solution  of  sulphuretted  hydrogen. 
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After  Ikmiik  washwl  witli  \v;iUt.  llic  ]»nxn]»ila!r  i*  w.i''lir«!  •::*:   i" 
nilml,  thfii  with  oarlMtti  hiMilphidc.  and  finalK  .i<aiTSM!!h  «!^"S'■ 
the  washings  with  aloiiiol  .itul  iMrlmii  lusiilphult-  U-ink:  ki-;^  «. t*i 
rate.      The  liltiT  .mil  onitriit>  are  cjriol.   then  il!>:vtol   :::      •-••■« 
hisnlphide  to  en«*iire  theoimjjlete  removal «»!'  ••irphnr  .iti«!  vti  ^-.t^i 
as  antinionv  tri^^iilphitle,  Sl».S,  .  '•mall  privipitale-  «?•»  n--:   t»^,-.:  -r 
til  lie  (li>;este«l  in  ear)N»n  hiNnljihitle. 

In  the  e.\|K*rinientN  whii'h  I  have  made  tn  Ir^t  the  a<.M:r^>  "f* 
the  |»riiiv?»s.  the  pnvijti tales  liave  in  fv«.rv  *  a^:  \mn'x\  drio!  1!  :  •  * 
and  then  at  !.;••  .  hnt  I  am  i>t  «t|iini«in  that  u!ien  the  ant:t;&'ic!\  %cl 
]>hide  is  thimiUKhlv  ilried  at  lo*  tlie  htss  nl  uei^ht  a!  :  v  :«  ^* 
minute  that  ui  the  ea<<'  uf  >mall  prteipitali-s  a?  aii\  r  I'.e  :!  r.:x\  ^r 
ilisreKanliil. 
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In  these  ixjHTimfiils.  the  sulphide  «•!  antim««n\  ».»*  !r.  rich  .'*^ 
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WeiKhtofSbsSg  Loss  in  about  Sulphur  SbsSi 

dried  at  lyP  30  hours  in  corresiK)nding  to 

taken.  at  looP-iyfi.  residue.  the  sulphur. 

(a.)    0.7782  gram  0.0657  0.0609  0.2157 

(*.)    0.8187     **  0.0757  0.0525  0.1859 

SbjSs  per  cent,  in  residue,  (a.)  30.2 :  (d.)  25.3. 

These  results  indicate  plainly  that  the  antimony  trisulphide  is 

gradually  converted  into  oxide  when  heated  between  200°  and  300°, 

and  that  it  is  of  no  use  to  heat  the  sulphide  to  this  temperature. 

In  my  opinion,  antimony  trisulphide,  dried  at  130°,  is  anhydrous, 

and  the  most  convenient  form  in  which  the  metal  can  be  weighed. 

I  am  also  of  opinion  that  it  is  less  open  to  objection  than  any  of 

the  other  forms  in  which  antimony  is  frequently  estimated.     Bun- 

1      sen  {Anna/en,  192,  317)  has  pointed  out  that  the  temperature  at 

f      which  SbjOj  is  converted  into  Sb^O^  is  so  near  the  temperature  at 

I      which  the  Sb^O^  is  decomposed  that  he  has  given  up  this  form  as 

a. 

f  useless.  It  has  also  been  recently  shown  by  two  independent  ol> 
\  servers,  J.  Thiele  {Anna/en,  268,  361)  and  T.  Wilm  (Zei/.  Arial. 
Chm.,  80,  428),  that  the  pentasulphide  of  antimony  obtained  by 
Bunsen's  process  contains  a  considerable  quantity  of  free  sulphur, 
and  I  have  referred  to  the  objections  to  weighing  antimony  as  metal. 

Tin. — ^The  filtrate  from  the  antimony  precipitate,  from  which 
the  alcohol  and  carbon  bisulphide  washings  are  excluded,  contains 
the  whole  of  the  tin  mixed  with  salts  of  iron  and  oxalic  acid.     To 
destroy  the  latter,  the  solution  is  heated,  and  solid  permanganate 
of  potash  is  added  in  small  quantities  at  a  time,  till  a  precipitate 
of  oxide  of  manganese  is  obtained  which  does  not  redissolve  on 
hoiling.     Some  ferrous  salt  is  added  to  dissolve  the  oxide  of  man- 
ganese, and  a  stream  of  sulphuretted  hydrogen  is  passed  through 
the  hot  solution  till  it  is  quite  cold.     Under  these  circumstances, 
the  tin,  mixed  with  sulphur,  is  precipitated  in  a  condition  suffi- 
dently  dense  to  enable  the  precipitate  to  be  collected  and  washed 
with  water  without  showing  any  tendency  to  pass  through  the  fil- 
ter.    When  thoroughly  washed,  the  filter  and  contents  are  dried, 
and  the  tin  converted  by  ignition  into  stannic  oxide,  SnO^,  in  which 
form  it  is  weighed. 

The  following  are  the  results  which  I  obtained  by  this  method  : — 

No.  I.  Experiment  with  known  quantites  of  antimony  triclilor- 
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The  only  objection  to  the  process  which  I  have  described  is  the 
necessity  of  digesting  the  sulphide  of  antimony  with  carbon  bisul- 
phide to  remove  the  sulphur  produced  by  the  reduction  of  the  fer- 
ric chloride.  This  difficulty  can,  however,  by  obviated  by  reduc- 
ing the  excess  of  ferric  chloride  before  adding  the  oxalic  acid.  To 
effect  this,  I  introduce  a  narrow  strip  of  pure  sheet  iron  into  the 
solution  after  the  removal  of  the  sulphur  and  heat ;  reduction 
takes  place  in  a  few  minutes.  As  soon  as  the  yellow  color  of  the 
ferric  choride  disappears,  the  undissolved  iron  is  taken  out ;  the 
antimony,  which  comes  down  to  some  extent  before  the  ferric 
chloride  is  reduced,  is  removed  by  washing  and  rubbing,  and  to 
the  solution  containing  the  precipitate,  the  hydrochlric  acid  solu- 
tion of  ferric  chloride  is  added  drop  by  drop  till  the  antimony  dis- 
solves, and  the  liquid  acquires  a  permanent,  yellowish  tint  indi- 
cating a  slight  excess  of  ferric  chloride.  The  solution  of  oxalic 
acid  (mixed  in  this  case  with  about  one-third  of  its  bulk  of  hydro- 
chloric acid)  is  then  added,  and  the  antimony  precipitated  with 
sulphuretted  hydrogen,  and  washed  with  alcohol  and  carton  bi- 
sulphide, as  already  described. 

Under  these  conditions,  the  quantity  of  free  sulphur  is  so  small 
that  it  is  unnecessary  to  digest  the  precipitate  with  carlx)n  bisul- 
phide. 

Example. 

T.ikcn.  FouimI. 

dm.  (^m. 

Antimony 0.1310  0.1302 

Tin 0,1170  0.1232 

Total 0.24S0  0.2534 

The  hydrochloric  acid  is  added  to  the  oxalic  acid  solution  to 
prevent  the  tin  from  l^eing  precipitated,  as,  in  the  absence  of  fer- 
nc  chloride,  tin  is  apt  to  come  down  along  with  the  antimony  sul- 
phide when  too  little  free  acid  is  present. 

These  results  indicate  that  the  ferric  chloride  plays  a  very  im- 
portant part  in  the  process  ;  it  is  by  its  means  that  the  antimony 
IS  always  obtained  in  the  form  of  trichloride.  The  ferric  chloride 
also  assists  in  preventing  the  precipitation  of  the  tin,  and  renders 
Jt  unnecce,ssar\^  to  pay  strict  attention  to  the  proi")orti(>n  of  free 
acid. 

For  qualitative  purposes,  it  is  not  neces.sary  to  employ  a  con- 
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We  give  herewith  the  results  of  comparative  tests  with  the 
Adams'  method,  care  being  taken  that  the  paper  used  was  free 
from  any  extractable  matter.  The  bottles  employed  in  these  tests 
were  divided  into  100  parts,  and  the  figures  here  given  were  ob- 
tained by  multiplying  by  the  factor  0.86.  (As  noted  above,  we 
now  use  a  bottle  divided  into  86  parts,  and  thus  save  calcula- 
tions. ) : — 

U'ho/e  Milk. 

Sample.                  Fat  by  Adams'  Method.    Fat  by  Centrifuf^^al  Methrxl 
No.  I 3-514 


•95 
No.  2 3.90  \  3.89 

3.95 


f3.^ 

3.! 

l3.< 


2.97 
No.  3 3.03  \  2.97 

2.93 

Skimmed  and  Watered  Milk. 

No-4 0.56  {«;5; 

Another  determination  was  made  of  sample  No.  4  by  boiling 
down  to  one-half  volume,  and  treating  by  the  method,  the  results 
being  calculated  to  the  original  volume.  This  gave  0.55  per  cent, 
of  Eat. 

Tests  were  made  to  determine  the  effect  of  longer  rotation  in  the 
examination  of  milks  poor  in  fat.  Thus,  by  four  minutes'  whirl- 
ing, the  last  sample  gave,  without  previous  concentration,  0.55  of 
fat. 

Comparisons  have  also  been  made  between  the  results  of  this 
method  and  the  figures  for  fat  as  determined  by  calculation  from 
the  specific  gravity  and  total  solids  (Hehner  and  Richmond'stables.) 

Sample.  Fat  bv  Calculation  I'jit  liv  CctitrifuKal 

a',  and  K.  Method. 

No.  5 3«6o  3.61 

No.  6 4.15  4.10 

We  find,  as  a  result  of  many  tests,  that  with  bottles  accurately 
^duated,  and  reasonable  care  in  manipulation,  esiK'cially  suffi- 
dent  rotation,  results  will  be  obtained  within  o.  i  per  cent,  of  those 
of  the  standard  methods. 

715  Walnft  St.,  Philadrli>iiia,  I'a. 
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urged  against  these  methods  both  from  length  of  time  required  and 
danger  of  explosion.  Of  the  second  class,  or  fusion  methods  we 
find  : 

1.  Acid  potassium  fluoride,  Gibbs,  Fres.  Zts,,  iii.,  328,  also  Du- 
bois, Fres.  Zis.y  iii.,  401  ;  these  chemists  use  four  to  five  times  the 
weight  of  ore  in  flux  and  fuse  from  ten  to  fifteen  minutes. 

2.  Alkaline  or  alkaline  earth  fluoride  in  conjunction  with  alka- 

hne  bi-sulphate,  S\\\^  Jour,  Lond.  Chem,  Soc.^  xxxv.,  292  :  Clarke 

Am.  Jour,  Sn'.,  1868,  173;  Hagen,  Unt€rsuchufigen/\,,  163.     The 

use  of  fluorides  requires  special  management  to  avoid  the  sul)se- 

quent  destruction  of  glassware  and  involves  more  manipulation, 

and  skill  than  is  required  by  some  of  the  other  methods. 

3.  Potassium  bi-sulphate  alone,  Reinhardt,  Chem,  Zig.,  xiii., 
430.  This  method  is  not  efficient  unless  extraordinary  precau- 
tions are  taken  in  pulverizing  the  ore. 

4-  Potassium  bi-sulphate  followed  by  potassium  chlorate  and 
sodium  carbonate,  O'Neill,  Chem,  Ncu's,  1862,  199. 

5.  Potassium  bi-sulphate  followed  by  potassium  nitrate  and  so- 
dium carbonate,  Oudeshiys,  Chem.  Nexvs^  1862,  254;  Hunt,  Avier. 
Jour.  Sci.  [2],  v.,  418,  adds  a  little  alkaline  nitrate  towards  the 
«id  of  the  operation. 

6.  Caustic  alkali  with  or  without  the  addition  of  lime,  Pellet, 
•  Bfjyr.2i  Huttenman  Ztg,^  xl.,   224;  Christomanos,   Ihr.,  x..    10, 

substitutes  magnesia  for  lime.     Morse  andDay,  A^ner.  Chem.  Jour. , 
iii.,  163,  advocate  the  use  of  an  iron  crucible. 

7.  Caustic  or  carbonated  alkali  in  conjunction  with  an  oxidizing 
agent.  Potassium  chlorate  is  reconmiended  by  vSchwartz,  A  una  J  en  ^ 
/xix.,  212.  and  Blodgetl-Britton,  Chem.  Neu's,  xxi.,  226.  Alka- 
line nitrate  is  recommended  by  Calvert,  yi:?/^;-.  Lond.  Chem.  Sor., 
v.,  194;  Peligot,  Comptes  Rendus,  67,  87 1  ;  Clouet,  Compies  AVn- 

diis,  67,  762.     Barium  dioxide  is  reconimeded  by  Donath,  Dint:. 

Polyt,  Jour.,   cclxiii.,  245  ;  Kinu'cut  and   Patterson,  Jour.  AnaJ, 

Chem,  iii.,  132. 

8.   Alkaline  carbonates  with  borax,  Dittmar,  Dino^.  Polyt.  Jour. 
ccxxi.,  450  and  Iron,  January,  1876,  p.  131.     The  flux  is  composed 
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ANALYSIS  OK   CHROMITK.  29 1 

r.  Take  up  with  water  containing  a  few  drops  of  nitric  acid,  add 
hydrochloric  acid  and  sulphurous  acid,  or  a  little  ammonium  sul- 
phite, boiling  out  the  excess  of  SO,,. 

d.  Neutralize  with  ammonia  and  boil,  adding  a  little  ammonium 
sulphide.  Re-dissolve  in  hydrochloric  acid,  and  reprecipitate  as 
before  to  purify  the  precipitate.     Ignite  and  weigh  Cr^O,. 

Comments — a.  The  flux  is  made  bv  fusing  together  two  parts  of 
borax  glass  with  three  parts  of  (dr>')  sodium  and  potassium  car- 
bonates, mixed  approximately  in  proportion  of  their  molecular 
weights  (106  to  138).  After  ftising  the  mixture  is  poured  out  upon 
a  cold  surface  (a  dry  platinum  dish  floated  on  the  surface  of  cold 
water)  and  then  coarsely  powdered  for  use.  As  it  is  somewhat 
hygroscopic,  it  should  be  kept  in  a  tightly  corkeil  bottle.  The 
borax  makes  the  flux  somewhat  pasty,  so  that  it  holds  the  mineral 
partly  in  suspension,  and  thus  favors  the  decomposition.  A  con- 
venient form  of  dish  for  the  fusion  is  one  al^out  2  inches  in  diame- 
ter, and  half  an  inch  deep,  with  rounded  bottom  and  provided  with 
a  small  ear  for  grasping  with  the  tongs.  If  a  .shallow  dish  of  the 
kind  is  not  available,  the  convexity  of  the  cover  of  a  large  fusion 
crucible  makes  a  very  good  substitute.  The  flux  has  practically 
no  effect  upon  the  platinum.  Over  three  hours  of  fusion  caused  in 
one  case  a  loss  of  3.5  mgms.  and  ordinarily  little  or  nothing. 

A  good  way  of  managing  the  fusion  is  first  to  melt  in  the  dish 
the  requisite  quantity  of  flux,  and  then  allow  it  to  cool  ;  then 
weigh  out  the  finely  pulverized  ore,  and  by  means  of  a  feather 
brush  it  on  to  the  surface  of  the  melt,  .spreadinj^^  it  as  evtruly  as 
possible. 

Then  fuse  with  a  good  Bunsen  burner,  stirring  occasionally  with 
a  platinum  wire,  until  the  decomposition  is  apparently  complete. 
This  is  likely  to  require  not  over  forty  minutes,  if  the  ore  has  Ikcu  well 
pulverized,  and  the  .stirring  has  lx?en  sufficiently  frequent.  If  cither 
|)oint  has  been  neglected  it  may  re(|uire  longer.  Remove  the  heat 
temporarily,  and  as  the  mass  cools,  stir  with  the  platinum  wire 
in  such  a  way  as  to  take  a  portion  of  the  material  from  the  bottom 
of  the  melt.  As  soon  as  this  hardens  suihciently,  withdraw  and 
examine  it  for  black  grains  of  undecomposed  ore.  If  any  are  stvu. 
replace  the  test  bead  in  the  dish,  cover,  and  a])ply  the  heat.     The 
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Cr^Oafouiid.    Cr-Oa  calc. 
per  cent.        per  cent. 

1.  Chromitc  and  Iron  Ore 4.1S  4.38 

2.  **  *'        2.92  2.80 

4.  •'  "  2.75  2.64 

5.  *'  **  2.57  2.72 

6.  •*  "        2.98  2.88 

7.  *'  **        4-44  4.32 

8.  **  **        4-027        4.07 

9.  "  ••        8.44  8.64 

10.  "  "        3.52  3.51 

11.  ,*  '•        2.77  2.907 

12.  **  **        .    .    .    .    • IO-37         10.60 

These  samples  were  made  from  a  chromite  mixed  with  iron  and 
manganese  ores.  The  chromite  was  found  to  contain  57.00  and 
57.025  per  cent,  of  chromic  oxide  as  a  result  of  determination  by 
different  analysts. 


A  RAPID  METHOD  OF  DETERMINING  THE  COMPOSI- 
TION OF  LUBRICATING   OILS.* 

By  Harold  Gkippkr,  F.  C.  S. 

The  great  majority  of  the  oils  now  used  for  machine- lubricating 
are  mixtures  of  hydrocarbon  and  saponifiable  oils.  The  existing 
methods  for  the  determination  of  these  constituents  are  accurate 
and  easily  worked,  but  somewhat  tedious,  all  consisting  in  saponi- 
fication and  subsequent  separation  by  extraction  of  the  hydrocar- 
bons with  ether.  The  usual  process  (described  in  Allen's  C07/1- 
mercial  Organic  Analysis^  vol.  ii.,  p.  83)  involves  saponification, 
evap>oration  of  the  alcohol,  dilution  with  water  and  cooling,  sepa- 
ration in  a  separating  funnel  with  ether,  and  finally  evaporation 
of  the  ethereal  layer  and  weighing  of  the  residue.  All  this  takes 
time,  even  if  the  separation  in  the  separating  funnel  takes  place 
rapidly,  which  is  not  always  the  case. 

The  following  process  I  have  found  useful  when  a  number  of 
samples  have  to  be  examined  at  the  same  time,  and  when  results 
approximately  correct  only  are  required,  as  is  often  the  case  in 
this  laboratory.  The  results  obtained  are  within  two  or  three  per 
cent,  of  the  truth.     The  method  is  simply  an  extension  of  the 

•chemical  News,  vol.  Ixv..  p.  27. 
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necessary  to  wash  the  oil  more  than  once,  since  in  making  Hager*s 
test  the  globule  of  oil  dropped  into  the  alcoholic  liquid  is  immedi- 
ately cleansed  thereby  from  all  impurities.  The  specific  gravit}^ 
of  the  hydrocarbon  oils  and  of  the  original  mixture  being  known, 
the  specific  gravity  of  the  saponifiable  oils  may  be  calculated  by 
difference. 

By  this  method  an  analysis  may  be  completed,  including  the 
calculation  of  results,  within  an  hour  of  the  connuencement  of  the 
saponification,  and  in  examining  a  series,  it  is  of  great  advantage, 
a  dozen  samples  being  easily  completed  in  a  day.  The  only  source 
of  error  is  in  the  fact  that  the  nature  of  the  saponifiable  oil,  and 
therefore  its  exact  saponification  equivalent,  is  unknown. 

By  Titration.  By  Separation  and  Wcifrhing. 

Per  cent.  Sp.  gr.    Per  cent.  Sp.  gr. 


I.   78.3  of  hydrocarbon  oil,  0.891 
21.7  of  saponifiable  oil,  0.950 

79.4  of  hydrocarbon  oil,  0.891 

20.6  of  saponifiable   oil,  0.955 

78.3  of  hydrocarbon  oil,  0.891 

21.7  of  saponifiable   oil,  0.950 

II.  72.7  of  hydrocarbon  oil,  0.900 

27.3  of  saponifiable  oil,  0.973 

III.  76.6  of  hydrocarbon  oil,  0.882 

23.4  of  saponifiable  oil,  0.956 

IV.  65.4  of  hydrocarbon  oil,  0.887 
34.6  of  saponifiable  oil,  0.966 

V.  79.9  of  hydrocarbon  oil,  0.885 
20.1  of  saponifiable  oil,  0.963 

79.6  of  hydrocarbon  oil,  0.885 

20.4  of  saponifiable   oil,  0.962 

79.9  of  hydrocarbon  oil,  0.885 
20.1  of  saponifiable   oil,  0.963 

VI.  56.5  of  hydrocarbon  oil,  0.906 

43.5  of  saponifiable   oil,  0.966 


79.3  of  hydrocarbon  oil,  0.S90 
20.7  of  saponifiable  oil,    0.957 


74.4  of  hydrocarlK)n  oil,  0.900 

25.6  of  saponifial)le    oil,  0.979 

76.7  of  hydrocarbon  oil,  U.8S3 
23.3  of  saponifiable    oil,  0.953 

64.1  of  hydrociirbon  oil,  0..SS6 
35.9  of  sap<^iiifiable    oil,  0.964 


79.8  of  h y<lrooarbon  oil,  0.SS6 
20.2  of  saix)nifia1>le    oil,  0.959 


58.1  of  hydrocarbon  oil,  0.908 
41.9  of  sa]K3nifiable    oil,  0.965 


The  accompanying  results  were  obtained  by  the  process  de- 
scribed, and  by  the  usually  accepted  method  of  .separation  with 
ether  and  weighing  the  hydrocarbons.  The  results  are  in  all 
ca.ses  in  approximate  and  in  some  cases  in  dose  agreement. 
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rically  and  serving  to  measure  the  amount  of  iodide  left  undecom- 
posed  by  the  chlorate.  Of  course,  the  difference  between  the 
amount  of  iodide  left  undecompased  and  that  originally  introduced 
should  be  the  measure  of  the  chlorate  entering  into  the  reaction. 
That  a  better  form  of  iodometric  method  than  those  we  have  had 
heretofore  for  the  estimation  of  chlorates  is  desirable  is  obvious 
when  it  is  recognized  that  Bunsen's  original  process — consisting 
in  beating  the  chlorate  with  hydrochloric  acid  and  potassium 
iodide,  distilling  and  estimating  the  iodine  collected  in  the  distil- 
late— fails  (owing- to  the  formation  of  the  comparatively  non- 
volatile iodine  chloride  in  the  simultaneous  action  of  the  oxidizer 
upon  hydrochloric  and  hydriodic  acids)  to  show  the  entire  amount 
of  iodine  corresponding  to  the  chlorate ;  and  that  Finkener*s  sub- 
stitute for  this  process — ^which  prescribes  the  heating  of  the  chlo- 
rate, under  pressure  in  a  closed  bottle  and  in  an  atmosphere  of 
carbon  dioxide,  with  a  mixture  of  hydrochloric  acid  and  potassium 
iodide  previously  prepared  by  treatment  with  sulphurous  acid, 
boiling  and  subsequent  cooling  in  an  atmosphere  of  carbon  dioxide 
— though  excellent  when  properly  carried  out,  demands  careful 
preparation  of  materials  and  skillful  handling  in  the  execution. 

We  have  studied  the  applicability  of  the  process  outlined  above, 
and  record  our  experience  in  the  following  account. 

A  solution  of  potassium  iodide,  approximately  decinormal,  was 
standardized  according  to  the  method  to  which  reference  has  been 
made,  and  which  may  be  summarized  in  brief,  as  follows :  Portions 
of  this  solution  were  measured  from  a  burette  into  Erleiuneyer 
beakers  capable  of  holding  300  cc.,  2  gms.,  approximately,  of  pure 
dihydrogen  potassium  arseniate  were  added  in  solution,  20  cc.  of 
a  mixture  of  sulphuric  acid  and  water  in  equal  volumes  were  in- 
troduced with  enough  water  beside  to  increase  the  entire  volume 
to  a  little  more  than  100  cc.  A  platinum  spiral  was  introduced  to 
secure  quiet  boiling,  a  trap  made  of  a  straight  two-bulbed  drying 
tube  cut  short  was  hung  with  the  larger  end  in  the  neck  of  the 
flask,  and  the  liquid  was  boiled  until  the  level  had  reached  a  mark 
upon  the  flask  indicating  a  volume  of  35  cc,  experience  having 
shown  that  this  degree  of  concentration  is  sufficient,  and  that  it  is 
best  not  to  exceed    it.     The   liquid    remaining  was  cooled  and 
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The  mean  error  of  these  determinations  is  a  little  less  than 
0.0002  gm.  -f ,  between  extremes  of  0.0005  8^'"-  "^  ^^^  0.0005  gni. 
— ,  and  the  results  are  evidcnth'  excellent  for  an  iodometric  pro- 
cess in  which  titration  is  effected  by  decinormal  solutions..  An 
excess  of  iodide  over  an  amount  a  little  in  excess  of  the  equiva- 
lent proportion  is  without  effect.     The  process  is  rapid  and  easy. 

The  paper  upon  the  determination  of  iodine,  to  which  reference 
has  been  made  and  upon  which  this  process  is  bascK^l,  prescribes 
corrections  for  the  volatility  of  arsenious  chloride  and  the  slight 
deoxidation  of  arsenic  acid  when  clilorides  and  bromides  are  also 
present  in  considerable  amount.  In  this  process,  however,  the 
amount  of  hydrochloric  acid  evolved  from  the  maximum  weight 
of  chlorate  treated — 0.2  gm.  of  the  potassium  salt — calls  for  a  cor- 
rection so  small  as  to  be  in.significant. 

NEW  BOOKS. 

Landis'  Volumetric  Tables.* — ^Tlie  following  extracts  explain 

dearly  the  purpose  of  the  tables. 

**In  the  following  tables,  columns  Fe  and  Fe'/:  arc  used  with 
Bichromate  and  Permanganate,  the  other  columns  with  the  latter 
only.  Column  Fe  gives  the  Iron,  and  may  be  used  for  CaO  by 
titrating  the  oxalate,  calculating  as  if  for  Fe,  and  dividing  by 
2  ^  CaO. 

Column  Fe^^  is  used  when  i  gm.  of  ore  is  taken,  dissolved,  di- 
luted to  250  cc,  and  50  cc.  taken  for  titration,  and  gives  the  per- 
centage directly.  Column  W.  gives  the  Mn  by  Williams'  method, 
V.  the  Mn  by  Volhard's  method,  and  I  J.  the  Phosphorus  ])y  Kni- 
raerton's  method. 

STANDARDIZING. 

•  Weigh  off  1.4  gm.  ferrous  ammonium  sulphate,  place  in  benker, 
add  water  and  sulphuric  acid,  and  titrate.  The  nunii)er  of  cx\ 
used  shows  the  proper  table  for  that  strength  of  solution. 

KXAMPI.KS. 

The  following  examples,  taken  from  actual  practice,  will  ex- 

*Viilumclric  T.iblcs  for  Vig  Imu,  Steel  and  Ore  .\nalvsis.     Uv  \'..  K,  I.nnili?-.  r»itt».l«>wii, 
F'a.     I^alhtr  cover,  |HX.'kvt-b<K>k  size.     rubli»>hffl  l)v  tlu*  ;<u1h(M.     I'rirr.  ^ccrnlf 
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WIBORGH'S  COLORMETRIC  vSULFUR  DETERMINATION. 

Bv  H.  C.  Babbitt,  U.S. 

The  sulfur  method  of  Dr.  Wiborgh  is  used  exclusively  in  nearly 
all  the  large  steel  works  and  blast  furnaces  in  Sweden,  and  is  par- 
ticularly valuable  where  a  large  number  of  determinations  are  made, 
or  only  a  small  amount  of  drillings  is  available  for  analysis.  The 
principle  involved  is  the  evolution  of  hydrogen  sulfid  from  the 
sample  by  dilute  sulfuric  acid  in  a  special  apparatus,  its  absorp- 
tion in  a  cloth  saturated  with  cadmium  acetate,  and  the  compari- 
son of  the  yellow  color  of  cadmium  sulphid  with  a  set  of  standard 
colors.  With  proper  precautions,  results  agreeing  to  within  .01 
P«"cent.  are  easily  obtained  in  twenty  minutes. 

The  apparatus  consists  of  a  generating  flask  of  alxjut  250  cc. 
opacity,  with  a  side  tube  for  admission  of  acid  :  a  cylinder,  with 
flanged  top,  ground  into  the  neck  of  the  flask,  the  upper  face  of 
the  cylinder  being  ground  flat ;  two  rubber  washers  of  55  mm. 
internal  diameter,  a  heavy  wooden  ring  somewhat  larger,  and  a 
pair  of  strong  clamps. 

The  modus  operandi  is  as  follows  :  The  weighed  sample  of  drill- 
ings, from  .8  to  .1  gm.,  is  placed  in  a  small  test  tulxs  to  which  is 
attached  a  fine  platinum  wire  about  .3  mm.  diameter,  and  trans- 
ferred to  the  generating  flask,  which  is  partially  filled  with  water, 
and  placed  over  a  suitable  burner.     The  cylinder  is  then  adjusted, 
and  the  water  brought  to  boiling.    A  rubber  washer  is  then  placed 
on  the  top  of  the  cylinder,  followed  by  the  prepared  cloth,   the 
second  washer,   and   the  wooden   ring,   the  whole    l)elnj;   firmly 
clamped  together.     Be  sure  the  top  of  the  cylinder  is  in  a  liori- 
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cent,  sulfur  in  0.4  gms.  of  sample.  Taking  this  as  a  maximum, 
Dr.  Wiborgh  prepares  a  color  scale,  neatly  arranged  on  folding 
cards,  as  follows : 


Color  No. 

7   -  .10  per  cent 

.  in 

4  gms.  of  sample 

6  --    -.07 

5=^.05 

4  -  .03 

3  --  -02 

2    -  ,01 

I  -  .005 

By  taking  the  proper  amount  of  a  sample  of  known  sulfur  con- 
tent, the  preparation  of  these  standards  is  obvious.     To  facilitate 
calculation,  on  the  bottom  of  each  card  is  printed  the  calculation 
for  varying  weights  of  sample  taken.     Thus  if  W      weight  of 
sample  taken,  and  s  — ■  corresponding  sulfur  for  that  color. 


Color  No.  6. 

w. 

s. 

.8  gm. 

^-  .035 

.4     *• 

—  .o7(^ 

.2     " 

--  .140 

.1     *• 

::--    .2SC) 

.08  •• 

-     -35 

.04  " 

-  .70 

.02 


<i 


—  1.40 


The  colors  most  easily  read  are  3,  4  and  5,  so  when  the  approxi- 
mate sulfur  is  known,  i.e.,  high  or  low,  an  amount  can  be  taken 
which  will  come  within  these  limits. 

The  standard  colors  and  prepared  cloths  can  be  purchased,  as 
well  as  the  glass  apparatus,  which  is  made  in  accordance  with 
Dr.  Wiborgh' s  design. 

I  wish  to  acknowledge  my  indebtedness  to  Mr.  C.  F.  Treadway 
for  his  translation  of  Dr.  Wiborgh's  article,  and  to  Messrs.  HuUock 
&  Crenshaw  for  the  promptness  with  which  they  imported  f(;r  me 
the  necessar>'  apparatus. 


Wrllman  Iron  &  Strkl  Co., 
TiirRLow,  Pa. 
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The  kettles  or  boilers  used  for  heating  and  neutralizing  the 
liquors  are  made  like  any  ordiiiar\'  water  tank,  lined  wiili  lead, 
and  provided  with  agitators.    They  may  Ix?  heated  by  steam  direct 
or  by  using  a  coil.     If  steam  is  blown  directly  into  the  solution, 
the  bottom  of  the  kettle  where  the  steam  strikes  must  be  protected 
by  a  sheet  of  copper,  and  even  then  the  lining  of  the  kettle  will 
soon  be  riddled  with  minute  holes.     When  the  steam  is  introduced 
by  a  coil,  the  lining  of  the  kettle  lasts  longer,  but  the  bottom  of 
the  kettle  is  much  more  difficult  to  clean,  as  the  steam  coil  covers 
the  bottom.     Although  to  the  author's  mind  the  practice  of  blow- 
ing steam  direct  into  the  alkaloidal  solution  is  very  pernicious, 
yet  it  is  very  general  in  this  countr>'.     It  is  pernicious  not  only 
from  its  effect  on  the  kettle,  but  also  because  of  its  undoubted  de- 
composing action  upon  the  alkaloids.     In  England  and  on  the 
Continent  coils  are  almost  universally  used  for  heating  purposes. 
The  liquor  having  settled,  is  now  ready  to  nin  into  the  cr>'stalliz- 
ing  boxes.     The  cock  inside  of  the  kettle  is  placed  about  4  or  6 
inches  from  the  inside  bottom,  which  admits  of  the  bone-black 
settling.     However,  the  liquor  must  be  strained  before  crystalliz- 
wg.   Sand  strainers  were  tried,  but  were  found  too  bulky,  hard 
to  clean,  and  got  easily  choked  while   the  liquor  was  running 
through.     Finally  a  filter  bag  was  adopted  which  was  like  a  coat 
sleeve  turned  inside  out  and  cut  off  square  at  the  shoulder,  or  re- 
sembled two  hollow  cylinders,  one  inside  the  other,  and  fastened 
together  at  the  bottom,  leaving  the  center  open.     The  filter  bag 
is  applied  to  the  cock  by  inserting  the  cock  between  the  inside 
and  the  outside  cylinders  of  cloth,  thus  producing  a  filtering  sur- 
face on  the  inside  as  well  as  the  outside. 

To  crystallize,  the  neutralized  solution  of  the  alkaloids  is  run 

into  a  lead-lined  box.     This  box  may  be  one  of  many  sha]K*s. 

The  smaller  the  box,  the  quicker  the  crystallization,  hut  they  are 

more  expensive  to  produce,  and  require  a  large  floor  space.     A 

larger  box  does  not  cost  so  much  more,  and  the  crystallization 

can  be  forced  by  agitation.     These  remarks  do  not  ai)ply  to  the 

final  cr>'stallization  of  the  sulfate  quinin. 

A  good  shape  for  a  crystallizing  box  is  about  6  feet  sijuare  and 
2  feet  6  inches  deep,  lined  with  8-pound  lead,  and  provided  with 
an  agitator.     Batches  run  from  the  kettles  at  a  temi)erature  of 
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77°  to  80°  C,  are  about  65°  to  70°  C.  when  they  reach  the  cr>*s- 
tallizing  box,  and  by  running  the  agitators  during  the  night,  the 
crystals  can  be  filtered  the  first  thing  the  next  morning. 

For  filtering,  an  A.  L.  C.  Dehne  through  extraction  filter  press 
is  all  that  could  be  desired.  For  pumping  the  crystal  mush  into 
the  press,  use  a  Guild  and  Garrison  **D**  filter  press  pump.  This 
combination  of  press  and  pump  produces  a  pressed  cake  having 
from  40  to  64  per  cent,  of  moisture  in  it.  The  average  percentage 
of  moisture  in  the  pressed  cake  is  about  50  per  cent.  The  cr>'stals 
from  the  first  cr>-stallization  of  the  alkaloids  contain  an  average  of 
12.6  per  cent,  insoluble  alkaloids.  On  recrystallizing,  the  crystals 
are  found  to  contain  about  5  per  cent,  insoluble  sulfates.  This 
recr>'stallizatipn  is  continued  until  the  quinin  sulphate  cr>'stals 
are  practically  free  from  cinchonidin.  The  boxes  used  for  the  last 
crystallization  need  to  be  shallow  and  small,  and  arranged  so  that 
the  crystals  can  be  rapidly  drained.  A  good  form  is  given  in 
Fig.  I.  It  is  S/4  feet  long,  3  feet  wide,  and  6  inches  deep,  lined 
with  4  or  6-pound  lead.  A  lead  nozzle  is  burned  to  the  lining  at  r, 
to  which  may  be  fastened  a  hose  for  running  the  liquors  from  the 
crystals  back  to  the  tanks.  The  box  is  hinged  at  a  and  d,  so  that 
it  can  be  raised  at  the  rear  gradually,  to  allow  the  crystals  to 
drain.  When  drained,  they  are  cut  into  blocks  by  a  knife,  placed 
on  frames  made  of  a  wooden  frame  covered  with  muslin  and  heavy 
unsized  paper.  P*or  the  purpose  of  hastening  the  dr>'ing,  the 
temperature  is  kept  quite  high,  about  70°  to  So*'  C,  just  sufficient 
to  slowly  dry  the  crystals  without  their  losing  their  water  of  crys- 
tallization. The  dr>Mng  room  must  be  provided  with  an  exhaust 
fan.  The  liquor  run  from  the  final  crystallization  is  used  for  dis- 
solving crude  crystals  again. 

The  liquors  which  come  from  the  filtering  presses  are  run  into 
tanks  on  the  floor  l^elow,  then  pumped  up  into  precipitating  ket- 
tles, where  the  alkaloids  are  precipitated  with  carbonate  of  soda  (soda 
ash),  the  soda  liquor  run  into  tanks,  the  precipitate  strained  and 
washed,  then  dissolved  in  dilute  acid,  neutralized  and  crystallized. 
This  lime  the  cr>'stals  contain  about  34  per  cent,  insoluble  alka- 
loids. The  liquor  filtered  from  these  crystals  is  precipitated  as 
before,  the  precipitate  washed,  and  then  dissolved,  neutralized  and 
crystallized,  and  this  time  the  crystals  test  about  49  per  cent,  in- 
soluble alkaloids. 
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By  recrystallization,  these  batches  of  crystals  are  finally  reduced 
in  their  percentage  of  insoluble  alkaloids,  until  finally  they  are 
ready  for  final  crystallization. 

At  this  point  in  the  separation  of  the  alkaloids,  it  becomes  nec- 
essar>'  to  adopt  other  methods,  as  the  alkaloids  will  no  longer 
crystallize  as  sulfates.  The  normal  tartrates  of  quinin  and  cin- 
chonidin  are  ver>'  much  less  soluble  in  water  than  the  normal  tar- 
trates of  cinchonin  and  quinidin.  The  liquor  from  the  crystals, 
which  contain  about  49  per  cent,  insoluble  alkaloids,  is  run  into 
a  tank,  precipitated  with  concentrated  solution  of  sodium  hydrate, 
the  soda  liquor  run  off,  water  added,  and  enough  tartaric  acid  to 
decompose  the  precipitate ;  the  solution  must  be  hot  during  the 
operation.  The  solution  is  nearly  neutral  when  run  into  the 
crystallizing  boxes.  The  addition  of  bone-black  is  not  required 
in  any  batches,  except  those  crystallizing  as  sulfates.  As  the 
amounts  of  this  liquid  are  never  large,  even  in  a  factor>'  produc- 
ing 7000  ounces  per  week,  a  crystallizing  box  3  or  4  feet  wide  by 
7  or  8  feet  long  and  a  foot  to  a  foot  and  a  half  deep  is  a  good  size. 

It  may  be  necessary  to  allow  a  day  or  more  for  the  normal  tar- 
trates of  quinin  and  cinchonidin  to  crystallize,  as  the  amorphous 
alkaloid  exerts  a  retarding  influence  on  the  crystallization. 

A  filter  press  can  be  used  to  filter  the  normal  tartrates,  but  they 
are  so  thick  the  plates  of  the  press  are  very  rapidly  destroyed  on 
account  of  the  extra  pressure  recjuired. 

The  normal  tartrates  of  quinin  and  cinchonidin  are  decomposed 
with  sodium  carbonate,  the  sodium  tartrates  being  run  off  in  a 
tank,  to  have  the  tartaric  acid  reclaimed.  All  the  sodium  tartrate 
liquors  should  be  run  into  this  tank  and  then  worked  into  tartaric 
acid  when  the  amount  is  sufficient. 

The  liquor  from  the  nonnal  tartrates  contains  the  quinidin  and 
cinchonin,  together  with  the  amorphous  alkaloid.  The  acid  tar- 
trates of  these  are  now  produced  by  adding  18  pounds  tartaric 
acid  for  ever>^  16  pounds  used  in  producing  the  nonnal 
tartrates.  Heat  the  liquor  while  adding  the  tartaric  acid,  and 
raise  to  near  the  boiling  point  before  running  into  the  crystallizing 
boxes.  After  an  interval  of  twelve  to  twenty-four  hours,  the  acid 
tartrates  of  quinidin  and  cinchonin  separate,  resembling  a  thick 
musli.     The  crystals  cannot  be  filtered  in  a  filter  press,  but  can 
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be  filtered  in  a  centrifugal  press,  and  afterwards  washed  without 
removing  from  the  press. 

The  liquor  from  the  acid  tartrates  is  precipitated  with  sodium 
carbonate,  the  precipitate  transferred  to  a  filter,  such  as  is  repre- 
sented in  Fig.  2,  and  then  washed  with  66°  B.  sulfuric  acid  by 
the  aid  of  a  vacuum  pump,  operated  through  the  egg  A, 

The  filter  box  (see  Fig.  2)  is  lined  with  good  heavy  lead — 14  to 
16  pounds  to  the  square  foot.  An  opening  is  left  in  the  bottom  for 
connection  with  the  exhaust  chamber.  On  the  bottom  is  put  3  to 
4  inches  coarse  gravel,  about  the  size  of  small  marbles,  divided  in 
sections  by  strips  of  wood  J'S  inch  thick,  notched  on  the  lx)ttom  thus, 


to  allow  for  the  passage  of  the  liquor  on  the  bottom  of  the  filter. 
The  strips  are  placed  from  4  to  5  inches  apart,  on  edge  with  the 
notches  down.  The  gravel  should  be  flush  with  the  top  of  the 
wooden  strips.  On  the  gravel  layer  place  a  piece  of  good  flannel, 
^at  is,  free  from  cotton,  or  else  once  using  will  render  it  useless. 
Let  the  edges  of  the  flannel  piece  run  up  on  the  sides  of  the  filter 
1J2  to  2  inches.  Now  fill  on  top  of  the  flannel  clean  sand  to  the 
top  of  the  turned-up  edge.  The  sand  must  be  packed  down  tight 
and  the  filter  must  be  washed  quite  often.  In  washing,  remove 
sand  and  gravel ;  wash  in  pail  with  dilute  sulfuric  acid.  The 
filter  is  best  operated  thus  : 

The  precipitate  to  be  treated  is  put  in  the  filter,  and  then  pressed 
down  all  around  the  edges  and  the  pump  started.     As  soon  as  the 
pamp  begins  to  draw%  commence  pouring  the  66°  B.  oil  vitriol  on 
^t  precipitate,  taking  care  to  distribute  the  acid  evenly.     The 
add  removes  the  basic  chinoidin  by  reason  of  its  being  more  easily 
soluble  than  the  cinchonin  and  cinchonidin  and  quinidin.     The 
pump  is  run  until  all  the  acid  is  removed  from  the  precipitate, 
which  is  now  a  light  gray  color.     The  precipitate  is  now  ready 
for  extraction  by  mixed  oil,  to  separate  cinchonin  from  cinchoni- 
din and  quinidin.     This  is  done  by  placing  the  precipitate  in  a 
digester  (see  Fig.  3),  by  means  of  which  the  precipitate  is  kneaded 
with  mixed  oil  several  times,  each  time  allowinj::^  to  settle,  and 
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the  siphon  B,  When  the  liquid  reaches  the  level  of  the  top  of  the 
siphon,  air  enters  at  C,  and  the  siphon  ceases  to  work,  and  the  oil 
remains  in  the  tank. 

By  this  simple  arrangement  the  separation  of  oil  and  water  is 
complete,  and  stops  when  ended,  even  though  the  workmen  may  not 
be  present. 

The  solution  of  alkaloids  thus  obtained  is  washed  with  dilute 
sulfuric  acid,  and  the  acid  solution  of  the  alkaloids  returned  to 
the  original  liquor  for  crystallizing. 

All  soda  liquors  are  run  into  a  still,  and  the  dissolved  oil  is  dis- 
tilled off.  This  still  must  be  run  day  and  night,  and  sometimes 
two  or  more  are  necessary  to  keep  the  soda  liquors  out  of  the  way. 
The}'  are  of  simple  construction,  just  a  large  boiler  iron  tank  with 
a  coil  in  it,  and  an  outlet  attached  to  a  cooling  room.  The  dis- 
tillation is  worth  the  expenditure  of  money  and  space,  as  it  re- 
claims about  7  per  cent,  of  the  oil,  and  needs  no  attention  in 
working. 

All  sinks  in  the  factory  must  have  their  outlets  run  into  a  pre- 
cipitating tank,  and  the  alkaloids,  from  washing  mops,  ladles, 
shovels,  etc.,  etc.,  reclaimed.  This  is  a  most  important  point, 
and  should  not  be  neglected. 

NOTES  ON  THE  ANALYSIS  OF  THE  NITRO- 

EXPLOSIVES. 

By  P.  Gerald  Sanford,  F.I.C.H.C.S. 

Xow  that  the  various  forms  of  nitro-compounds  are  gradually 
replacing  the  older  forms  of  explosive  agents,  both  for  blasting 
purposes  and  also  as  a  propulsive  agent,  i^erhaps  some  notes  upon 
the  methods  for  their  analysis,  and  examination,  tliat  I  liave  used 
and  found  to  work  satisfactorily,  may  be  of  service  to  other  chem- 
ists, who  may  be  engaged  upon  similar  work.  The  class  of  com- 
pounds that  have  come  into  the  most  extended  use  for  the  purposes 
of  mining,  blasting,  etc.,  are  the  nitro-glycerin  compounds,  more 
especially  the  gelatine  compounds,  comix^sed  of  nitro-cellulosc 
and  nitro-glycerin,  and  generally  containing  some  admixture  of 
nitrates  and  wood  pulp,  or  similar  materials. 

KIESEUiniR    nVNAMITK. 

This  material  generally  consists  of  7s  per  cent,   nitro-glycerin 
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and  25*  per  cent,  of  the  infusorial  earth  Kieselguhr.  The  analysis 
is  very  simple,  and  may  be  conducted  as  follows :  Weigh  out 
atout  10  gms.  of  the  substance,  and  place  over  calcium  chlorid, 
in  a  desiccator,  for  some  six  to  eight  days,  and  then  reweigh  ;  the 
loss  in  weight  gives  the  moisture  ;  this  will  generally  be  very 
small,  probably  never  more  than  i  per  cent.  The  dry  substance 
may  now  be  wTapped  in  filter  paper,  the  whole  weighed,  and  the 
nitro-glycerin  extracted  in  the  Soxhlet  apparatus  with  ether. 
The  ether  should  be  distilled  over  at  least  twenty-four  times.  I 
have  found,  however,  that  results  may  be  obtained  much  quicker, 
and  quite  as  accurate,  by  leaving  the  dynamite  in  contact  with 
ether  in  a  small  Erlenmeyer  flask  for  some  hours, — leaving  it  over 
night  is  better, — and  then  decanting,  and  again  allowing  the  sub- 
stance to  remain  in  contact  with  the  ether  for  a  few  hours,  and 
finall}'  filtering  through  a  weighed  filter,  drying  at  100°  C,  and 
weighing.  This  gives  the  weight  of  Kieselguhr.  The  nitro- 
glycerin must  be  obtained  by  difference,  as  it  is  quite  useless  to 
evaporate  down  the  ethereal  solution  to  obtain  it,  as  it  is  itself 
volatile  to  a  very  considerable  extent  at  the  temperature  of  evapo- 
ration of  the  ether,  and  the  result,  therefore,  will  always  be  much 
too  low.  An  actual  analysis  of  Kieselguhr  dynamite  gave  :  Moist- 
ure, 0.92  percent ;  Kieselguhr,  26. 15  percent.;  and  nitroglycerin. 
72.93  per  cent.,  this  last  being  obtained  by  difference. 

GELATINE  COMPOUNDS. 

The  simplest  of  these  compounds  is,  of  course,  blasting  gelatin, 
a::  it  consists  of  nothing  but  nitro-cotton  and  nitro-glycerin,  the 
cotton  being  dissolved  in  the  glycerin  to  form  a  clear  jelly,  the 
usual  proportions  being  about  92  per  cent,  of  nitro-glycerin  to  8 
per  cent,  of  nitro-cotton,  but  the  cotton  is  found  as  high  as  ten  per 
cent,  in  some  gelatines.  Gelatine  dynamite  and  gelignite  are 
blasting  gelatines  with  varying  proportions  of  wood  pulp  and  salt- 
peter (KNOJ,  mixed  with  a  thin  blasting  gelatin.  The  method 
of  analysis  is  as  follows  :  Weigh  out  about  10  gms.  of  the  sub- 
stance, previously  cut  up  in  small  pieces,  and  place  over  calcium 
chlorid  in  a  desiccator  for  some  days.  Reweigh  ;  the  loss  equals 
moisture.  This  is  generally  very  small.  The  dried  sample  is 
then  transferred  to  a  small  thistle-headed  funnel  which  has  been 
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cut  off  from  its  stem,  and  the  opening  plugged  with  a  little  glass 
wool,  and  round  the  top  rim  of  which  a  piece  of  fine  platinum  wire 
has  been  fastened,  in  order  that  it  may  afterwards  be  easily  removed 
from  the  Soxhlet  tube.  The  weight  of  this  funnel  and  the  glass 
wool  must  be  accurately  known.  It  is  then  transferred  to  the 
Soxhlet  tube  and  exhausted  with  ether,  which  dissolves  out  the 
nitro-glycerin.  The  weighed  residue  must  afterwards  be  treated 
with  ether-alcohol  to  dissolve  out  the  nitro-cotton. 

But  the  more  expeditious  method  is,  perhaps,  to  transfer  the 
r  dried  gelatin  to  a  conical  Erlenmeyer  flask  of  about  500  cc.  ca- 
[  pacity,  and  add  250  cc.  of  a  mixture  of  ether-alcohol  (2  ether  to  1 
I  alcohol),  and  allow  to  stand  over  night.  (Sometimes  a  further 
addition  of  ether  alcohol  is  necessar>',  but  not  often.)     The  undis- 


{ 


\       solved  portion,  which  consists  of  the  wood  pulp,  and  potassium  ni- 


■ 


trate,  and  other  salts,  is  then  filtered  off,  dried,  and  weighed. 

Solution. — The  ether-alcohol  solution  contains  the  nitro-cotton 
and  the  nitro-glycerin,  in  solution.     To  this  solution  add  excess 
of  chloroform,  when  the  nitro-cellulose  will  be  precipitated  in  a 
gelatinous  form.     This  should  be  filtered  off  through  a  linen  filter, 
and  allowed  to  drain.     It  is  useless  to  attempt  to  use  a  filter 
f       pump,  as  it  generally  causes  it  to  set  solid.     The  precipitated  cot- 
ton should  then  be  redissolved  in  ether  alcohol,  and  again  preci])!- 
tated  with  excess  of  chloroform.     This  precaution  is  absolutely 
necessary,  as  otherwise  the  results  will  be  much  too  high,  owing 
to  the  gelatinous  precipitate  retaining  very  considerable  quanti- 
ties of  nitro-glycerin.     The  precipitate  is  then  allowed  to  drain  as 
completely  as  possible,  and  finally  dried  in  the  air-bath  at  40°  C. 
until  it  is  easily  detached  from  the  linen  filter  by  the  aid  of  a 
spatula,  and  then  transferred  to  a  weighed  watch-glass,  rei)laced 
in  the  oven,  and  dried  at  40  degrees  until  constant  in  weight. 
The  weight  found,  calculated  upon  the   10  gms.  taken,  gives  the 
percentage  of  nitro-cellulose. 

The  residue  left  after  treating  the  gelatin  with  ether-alcohol  is, 
in  the  case  of  blasting  gelatin,  ver\'  small,  and  will  probably  con- 
sist of  carbonate  of  soda.  It  should  be  dried  at  40°  C,  and 
weighed,  but  in  the  case  of  either  gelignite,  or  gelatine  dynamite, 
this  residue  should  be  transferred  to  a  beaker  and  boiled  with  dis- 
tilled water,  and  the  water  decanted  three  or  four  times,  and  the 
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the  case  of  gun-cotton,  the  percentage  of  soluble  (penta  and  lower 
nitrates)  cotton  that  it  contains,  or  in  the  case  of  soluble  cotton, 
the  quantity  of  gun-cotton.  The  method  of  procedure  is  as  fol- 
lows :  5  gms.  of  the  sample,  which  has  been  previously  dried  at 
100°  C.  and  afterwards  exposed  to  the  air  for  two  hours,  is  trans- 
ferred to  a  conical  flask  and  250  cc.  of  ether-alcohol  added.  The 
flask  is  then  corked  and  allowed  to  digest,  with  relocated  shaking,  . 
for  two  or  three  hours.  The  whole  is  then  transferred  to  a  linen 
filter,  and  when  the  solution  has  passed  through,  the  filter  is 
washed  with  a  little  ether  and  pressed  in  a  screw-press  between 
folds  of  filter  paper.  The  sample  is  then  returned  to  the  flask, 
and  the  previous  treatment  repeated,  but  it  will  Ix?  sufficient  for  it 
to  digest  for  one  hour  the  second  time.  The  filter  is  then  opened 
up,  and  the  ether  allowed  to  evaporate.  The  gun-cotton  is  then 
removed  ft'om  the  filter  and  transferred  to  a  watch-glass,  and 
dried  in  the  water  oven  at  100°  C.  When  it  is  dry,  it  is  exjiosed 
to  the  air  for  two  hours  and  weighed.  It  equals  the  amount  of 
gun-cotton  and  unconverted  cotton.  In  the  5  gms.,  the  non- 
nitrated  cellulose  must  be  determined  in  a  separate  5  gms.  and 
deducted. 

ESTIMATION   OF  THK    NON-NITRATKD   COTTON. 

However  well  the  cotton  has  been  nitrate<l,  it  is  ahnost  certain 
to  contain  a  small  quantity  of  non-nitrated  or  unconverted  cotton. 
This  can  be  determined  thus :  5  gms.  of  the  sample  are  boiled 
with  a  saturated  solution  of  sodium  sulfid.  and  then  allowed  to 
stand  for  forty-eight  hours,  and  afterwards  filtered  or  decanted, 
and  again  boiled  with  fresh  solution  of  sulfid,  and  again  fil- 
tered, dried  and  weighed.  The  residue  is  the  cellulose  that  was 
not  nitrated.  It  should  be  ignited,  and  the  w^eight  of  the  ash  de- 
ducted from  the  previous  weight. 

ALKALINITY. 

5  gms.  of  the  air-dried  and  very  finely-divided  .sample  are  taken 
from  the  centre  of  the  slabs  or  discs  and  digested  with  about  20  cc. 
of  "  hvdrochloric  acid,  and  diluted  with  water  to  about  2s<-»  cc, 
and  shaken  for  about  fifteen  minutes.  The  liquid  is  then  decanted 
and  washed  with  w-ater  until  the  witshin^^s  no  longer  give  an  acid 
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a  little,  just  enough  to  cause  tlie  solution  to  flow  into  the  bulb  of 
the  measuring  tube,  when  the  tap  is  slightly  opened.     When  the 
solution  has  run  in  almost  to  the  end,  turn  ofi*  the  tap,  wash  down 
the  sides  of  the  bottle,  and  add  to  the  cup  of  the  nitrometer ;  allow 
it  to  flow  in  as  before,  and  then  wash  down  the  sides  of  the  cup 
with   10  cc.  of  sulfuric  acid,  adding  little  by  little,  and  allowing 
each  portion  added  to  flow  into  the  bulb  of  the  nitrometer  before 
adding  the  next  portion.     Great  care  is  necessary  to  prevent  air- 
bubbles  obtaining  admission,  and  if  the  pressure  tube  is  lowered 
too  far,  the  acid  will  run  in  with  a  rush  and  carry  air  along  with 
it.     The  solution  being  all  in  the  measuring  tulx.*,  the  pressure 
tube  is  again  slightly  raised,  and  the  tube  containing  the  nitro- 
cotton-solution  shaken  for  ten  minutes  with  considerable  violence. 
It  is  then  replaced  in  the  clamp  and  the  pressure  relieved  by  low- 
ering the  pressure  tube,  and  the  whole  apparatus  allowed  to  .stand 
for  twenty  minutes,  in  order  to  allow  the  gas  evolved  to  assume 
the  temperature  of  the  room.     A  thermometer  should  be  hung  up 
close  to  the  bulb  of  the  measuring  tube.     At  the  end  of  the 
twenty  minutes,  the  levels  of  the  mercury  in  the  pressure  and 
measuring  tubes  are  equalized,  allow-ing  about  three  inches  of  the 
sulfuric  acid  to  one  inch  of  mercur>' ,  and  the  final  adjustment  ob- 
tained by  slightly  opening  the  tap  on  the  measuring  tube  (very 
slightly),  after  first  adding  a  little  sulfuric  acid  to  the  cup,  and 
obsen-ing  whether  the  acid  runs  in  or  moves  up.     This  must  be 
done  with  verj'  great  care.     When  accurately  adjusted,  it  should 
•         move  neither  way.     Now  read  off  the  volume  of  the  NO  gas  in 
cc.  from  the  measuring  tube.     Read  also  the  thermometer  sus- 
f         pended  near  the  bulb,  and  take  the  height  of  the  barometer  in 
■         millimeters.     The  calculation  is  very  simple. 

f.  Example  Collodion  Cotton. 

X  -^goi.  taken.     Reading  on  measuring  tube       1 14.6  cc  NO. 

\  Barometer,  750  mm.      Temperature  15"  C. 

I  Since  r  cc.  NO  -    .6272  gm.  N.. 

y         and  correcting  for  temperature  and  pressure  by  the  formula  76f>   •    (i        it-\ 

\  {d    -  .003665)  for  temperature  of  15'^       S(>i.7S ; 

1 14.6  /   100  •  750  ;•  .6272 

then 11.22  j)er  cenl.  N. 

801. 7S  .  .6 

I  Theory        1 1. 1 1  per  cent,  for  C\;I K(  N( ).,).( >.. 
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Per  cent. 
Sulfur. 

a.  Aqua  regia  method 005 

b.  Absorption  and  oxidation  with  bromin,  insoluble  resi- 

due treated  with  aqua  regia,  and  barium  sulfate 
precipitate  weighed 008 

c.  Absorption  and  titration  with  standard  iodin  solution      .009 

d.  Method  not  given 010 

e.  Absorption  in  alkaline  solution  of  nitrate  of  lead,  and 

weighing  the  precipitate  of  barium  sulfate on 

/.  Aqua  regia  method,  allowing  the  solution,  after  add- 
ing barium  chlorid,  to  stand  24  hours 012 

g.  Aqua  regia  method 012 

h.  Absorption  in  potassium  permanganate  solution  and 

weighing  the  precipitate  of  barium  sulfate 013 

i.  Absorption  in  cadmium  solution  and  titrating  with 

standard  solution  of  iodin 013 

/  Absorption  in  potassium  permanganate  solution  and 

weighing  the  barium  sulfate  precipitate 013 

k.  Aqua  regia  method,  neutralizing  with  ammonia  pre- 
paratory to  precipitating  the  barium  sulfate,  and 
allowing  to  stand  14  hours 013 

/.  Absorption   in   cadmium  chlorid,  and  titrating  with 

standard  solution  of  iodin .015 

w.  Absorption  and  titration  with  standard  solution   of 

iodin 017 

«.  Absorption  in  potassium  permanganate  solution  and 

weighing  the  barium  sulfate 017 

0.  Volumetrically  details  not  given 019 

p.  Absorption   in    cadmium    sulfate   and  titration  with 

standard  solution  of  iodin 020 

g.  Aqua  reg^a  method 021 

r.  Absorption  in  caustic  soda  solution  and  titration  with 

standard  solution  of  iodin      022 

s.  Aqua  regia  method 024 

From  the  above  determinations,  there  is  no  apparent  advantage 
of  any  one  method  over  the  others,  the  same  methods  yielding 
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THE  ANALYSIS  OF  CYLINDER  DEPOSITS. 

By  Thos.  R.  Stii.lman. 

The  deposits  in  steam  cylinders,  formed  by  the  decomposition 
of  lubricating  oils,  may  be  classified  as  simple  or  compound,  de- 
pending upon  whether  the  deposit  is  due  to  the  decomposition  of 
the  oil  alone  or  if  foreign  matters,  carried  over  in  the  steam  from 
the  boilers,  are  also  present. 

In  the  former  case,  carbon,  hydrocarbons,  oils,  and  iron  oxid 
are  the  principal  constituents,  whereas,  in  the  latter,  oleate  of  lime, 
carbonate  of  lime,  and  silica  are  often  present  in  addition  to  the 
former. 

The  following  analysis  of  a  sample  from  a  locomotive  cylinder 
would  indicate  a  simple  deposit. 

Moisture    ....  2.28  per  cent. 

Oils  soluble  ill  ether   I  ^l^'''^^\ l^-^-J        [[ 

\  Mineral 11.23 

Hydrocarbons  insoluble  in  ether 47-97 


t  < 


Fixed  carbon 23.73 

Iron  oxid  FeO 2.83 

rndetermined 1.42 

Total iO(.».()o 


•  t 


<  t 


I  i 


i  > 


And  the  one  given  below,  of  a  deposit  from  the  steam  cylinders 
of  a  large  stationary  engine,  would  show  that  scale  forming  mate- 
rial from  the  boilers  had  become  a  component. 

Moisture 13.12  percent. 


Oils  soluble  in  ether  {  ^^ni-l^   ;  «  ^^ 

Soap 2.10 

Hvdrocarbons  insoluble  in  ether 1.67 

Fixed  carbon 2.71 

Oxids  of  iron  (and  aluminum) 6.S1 

Silica 3.65 

Carbonate  of  lime  4322 

Carb«>n ate  of  magnesia 10.17 

Undetermined 0.44 

Total UK).tit) 
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results  in  different  products.  That  is  to  say,  while  the  copper 
when  present  has  generally  been  estimated  as  copper  oxid,  the 
iron  may  exist  only  as  oxid  or  as  metallic  iron,  or  both. 

No  doubt  the  oleic  acid  acts  to  form  salts  of  these  metals,  but  it 
is  certain,  in  many  instances,  that  when  formed,  they  are  imme- 
diately decomposed  or  partially  so,  and  a  resulting  mixture  formed 
that  is  somewhat  difficult  of  analysis. 

In  the  analysis  here  given,  it  will  be  noticed  that  the  iron  was 
found  both  as  metal  and  as  oxid. 

Moisture 3.77  percent. 


1 1 


Oils  soluble  in  ether  {An^^4\:;;:;;  -^ 

Soap traces 

Fixed  carbon 10.90        '* 

Iron  oxid  (FeO) 14.01 

Iron 27.S5 

Lead  oxid 0.82        '* 

Copper  oxid 1.07 

Undetermined 0.71 


1 1 


(I 


Total loo.cx) 


(( 


The  e\'olution  of  hydrogen  by  HCl,  from  the  deposit,  after  all 
oils  and  fatty  substances  had  l^een  removed,  indicated  the  presence 
of  metallic  iron,  and  the  analysis  of  the  residue,  after  the  combus- 
tion of  the  fixed  carbon,  gave  figures  by  which  the  ratio  of  Fe  and 
FeO  could  be  determined.  A  portion  of  the  deposit,  after  extrac- 
tion of  oils  by  ether,  is  dried,  then  weighed,  the  hydrocarlions 
driven  oflFby  heat,  and  the  amount  of  fixed  carbon  present  conver- 
ted by  combustion  with  H,SO^-!  CrOj,  into  CO,  and  weighed,  this 
weight  being  calculated  back  to  carbon. 

Another  portion  of  the  same  residue  is  ignited  in  a  platinum 
crucible  until  the  carbon  is  all  consumed,  then  weighed.  If  the 
amount  of  carbon  found  is  small  and  iron  large,  this  weight  may 
be  larger  than  the  original  weight  of  the  residue  taken,  owing  to 
oxidation  of  metallic  iron  to  Fc^Og. 

Knowing  the  weight  of  carbon,  and  by  making  a  deterniiiiation 
of  iron  in  another  sample  before  ignition,  the  amount  of  FeO  is 
easflv  found. 
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Where  qualitative  analysis  has  shown  the  deposit  to  be  a  simple 
one,  the  analysis  can  be  stated  as  follows  : 

Moisture per  cent. 

Oils  soluble  in  ether  { ^n^^^^j-       ;   •       •    ;     ZII        '.". 

Hydrocarbons  insoluble  in  ether •* 

Fixed  carbon " 

FeO 

Pe 

Total 

For  a  complex  deposit,  the  following  form  can  be  used  : 
Moisture per  cent. 


II 

ii 

It 


Oils  .luble  in  etHerjA^;^,-    ;;;:■•  = 

Soap 

Hydrocarbons  insoluble  in  ether ** 

Fixed  carbon " 

Fe 

FeO 

CuO 

PbO 

ZnO 

CaO 

MgO 

CO^ 

SO, 

Silica,  etc 


i< 
1 1 
It 
t  i 


Total 


i « 


Where  the  CaO  and  MgO  exist  in  amounts  more  than  necessary 
to  combine  with  the  CO,  and  SO3  present,  the  excess  may  have 
united  with  oleic  acid  to  form  soaps  insoluble  in  water,  but  soluble 
in  ether. 

In  some  instances  the  PbO  and  ZnO  will  be  found  only  in  the  ether 
soap  solution  (3),  as  lead  and  zinc  oleates,  but  in  others,  while  they 
undoubtedly  first  existed  as  oleates,  they  had  become  decomposed, 
and  the  lead  and  zinc  oxides  would  be  found  in  section  (8)  of  the 
above  scheme. 

Imboratorv  of  Analytical  Ciikmirtry, 
Stkvkss  Institutk  oi'  Tkciinolo<;y. 
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tion,  '*The  kilogramme  is  the  vacuum  weight  of  looo  cc.  of  water 
at  its  temperature  of  maximum  density,  about  4°."  Reversing 
this,  the  volume  occupied  by  i  kilo  of  water  at  4°  (weighed  in 
vacuo)  is  the  volume  of  1000  cc.  or  i  liter.  Since  we  are  obliged 
to  weigh  in  air  and  for  convenience  at  temperatures  greater  than  4®, 
we  can  onl}'  arrive  at  the  correct  liter  by  knowing  the  conditions 
of  our  experiment  and  making  the  proper  corrections  therefor. 

To  avoid  the  imaginary  difficulties  of  making  these  corrections, 
several  arbitrarj'  standards  have  been  proposed  by  various  authori- 
ties, all  based  upon  the  volume  of  i  kilo  of  water  as  weighed  in 
air  and  at  the  ordinarj'  laboratory  temperatures.  The  exact  tem- 
perature selected  has  been  as  varied  as  its  author,  and  none  of  them 
possess  any  essential  merit.  The  tendenc>'  is  to  mislead,  since  by 
their  use  in  the  conversion  of  known  volumes  into  weight  from 
the  tabular  weight  of  i  liter  of  any  substance  in  question,  we  may 
fall  into  an  error  amounting  to  one-half  per  cent.  The  true  liter 
is  independent  of  the  expansion  of  water  by  heat,  and  out  of  res- 
pect for  the  the  authors  of  the  metric  system,  as  well  as  from  a  re- 
gard for  uniformity,  it  may  well  l>e  retained  as  our  actual  stand- 
ard. 

Our  first  correction  depends  upon  the  variation  in  the  weight  of 
I  liter  of  water  under  a  change  of  temperature.  This  has  Ix-en  de- 
termined by  several  experimenters,  and  a  careful  comparison  of  their 
best  results  will  give  us  a  ver>'  accurate  table.  The  following  has 
been  compiled  from  the  latest  determinations,  plotted  into  a  curve 
of  expansion  and  corrected  by  the  method  of  second  differences. 
(See  Table  I.) 

At  our  standard  temperature,  25°,  the  true  weight  of  i   liter  of 
water  is  seen  to  be  997.27  gms.     The  apparent  weight  of  i  liter  of 
water  at  25°  as  weighed  with  brass  weights  in  air  at  the  same  tcni- 
pwature  and  at  760  mm.  barometric  pressure,  would  be  less  than 
this  by  an  amount  equal  to  the  weight  of  air  displaced  by  the  dif- 
ference in  volume  between  the  water  and  the  weights.     With  brass 
at  asp.  gr.  of  8,  and  water  at  i,  the  difference  in  volume  equals  Jh 
of  the  volume  of  the  water  or  J^  of  i   liter,      i   liter  of  air  at  25° 
and  760  mm.  B.  weighs  1. 1845  gms.  and   "h  of  this  1.0364  gms. 
Hence  the  liter  under  the.se  circum.stances  weighs  or  at  least  coun- 
terbalances weights  equal  to  996.23  gms.     This  correction  for  loss 
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Table  No.  i. 


DciiMty 

Volume 

Density 

Volume 

or 

or 

or 

or 

Tcmpcrnlurc.            Gramj* 

Ccnlimc- 

Tcnipcralurc.            Grams 

Centime- 

in 

lers  cu.  in 

in 

ters  cu.  in 

X  I,itcr. 

I  Kilo. 

I  I.ili-r. 

1  Kilo. 

C°. 

CO. 

, 

o 999-^ 

1000.14 

51 9^7-29 

IOI2.71 

1 

999.91 

1000.09 

52 

• 

986.78 

.     1013.22 

2 

999-95 

1000.05 

53 

• 

986.26 

1013.74 

3 

999.98 

1000.02 

54 

• 

985.73 

1014.27 

4 

icxx>.oo 

1000.00 

55 

985.19 

1014.81 

5 

999-97 

1000.03 

56 

984.64 

1015.36 

6 

999-94 

1000.06 

57 

984.09 

I015.91 

mm 

1 

999.90 

ICXX).  10 

58 

98353 

1016.47 

8 

999- «5 

1000.15 

59 

982.96 

1017.04 

9 

999-79 

IfXX).2l 

60 

982. 38 

1017.62 

lo 

999-72 

1000.28 

61 

981.79 

1018.21 

II 

999.64 

1000.^6 

62 

981.19 

IOI8.81 

12 

999-55 

l<xjo.45 

63 

980.58 

1019.42 

13 

999.44 

1000.56 

64 

979-97 

1020.03 

14 

999-32 

1000.68 

65 

979.35 

1020.65 

15 

999.19 

io(X>.8i 

66  . 

978.73 

1021.27 

i6 

999-05 

1000.95 

67   . 

978. 10 

1021.90 

17 

998.90 

KXJI.IO 

68  . 

977.46 

1022.54 

iS 

1     99«-74 

1001.26 

69 

976.81 

1023.19 

19 

99«-57 

i<x>i.43 

70 

976.15 

.     1023.85 

20 

99«-3« 

1001.62 

71    . 

975.48 

1024.52 

21 

998.18 

1001.82 

72 

974.81 

1025.19 

22 

997-97 

1002.03 

73 

974.13 

'     1025.87 

23 

997.74 

1002.26  ' 

74 

973.44 

1026.56 

24 

997-51 

1002.49 

75 

972.74 

,     1027.26 

25 

997.27 

1002.73 

76 

972.04 

1027.96 

26 

997.02 

1002.98 

971.33 

1028.67 

27 

996.76 

1003.24 

7« 

970.61 

1029.39 

2S 

996.48 

1003.52 

79 

969.89 

1030.11 

29 

996.19 

1003.81 

80 

969.16 

1030.84 

30 

•       995-«9 

1004.  II 

81 

968.42 

1031.58 

31 

995.5^ 

n)f)4.42 

82 

967.68 

1032.32 

32 

^^95- 25 

icx>4.75 

«3 

966.93 

103307 

:^}> 

994-92 

1005.08 

84 

966.18 

1033.82 

34 

994-5''^ 

irx)5.42 

85 

965.42 

1034.58 

35 

994.23 

ir»5.77 

86 

964.65 

1035.35 

36 

993-«7 

1006.13 

S7 

963.87 

1036.13 

37 

993.50 

1006.50 

88 

963-09 

'     1036.91 

3« 

993-12 

i(X)6.88 

89 

962.30 

1037.70 

39 

W2.73 

1007.27 

90 

961.51 

:    1038.49 

4u 

•       992.32 

1007.68 

91 

960.71 

1039.29 

41 

991.91 

i(.)o8.09 

92 

959-91 

=     1040.09 

42 

991-49 

ICXJ8.51 

93 

959-  »o 

1    1040.90 

43 

991.05 

100S.95 

94 

958.29 

1041.71 

41 

9yf).6i 

i(X)9.39 

95 

957-47 

1042.53 

45 

9(/).  16 

i(KHj.84 

96 

956.65 

'    1043.35 

46 

9S9.70 

1010.30 

97 

955-82 

1044. 1 S 

47 

9S9. 23 

10  in.  77 

98 

954-99 

,    1045.01 

48 

.       988.76 

ion. 24 

99 

954.15 

.    1045.85 

49 

98S.2S 

1011.72 

UK) 

953.30 

1046.70 

5t> 

9''<7-79 

1012.21 

1 
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of  weight  in  air  varies  with  the  barometer,  but  for  any  pressure 
between  730  and  780  mm.  a  change  of  less  than  .05  cc.  per  liter  is 
occasioned,  which  for  our  purpose  may  be  entirely  disregarded. 
The  temperature  of  the  air  will  be  approximately  the  same  as 
that  of  the  water,  a  maximum  difference  of  5®  modifying  the  re- 
sult by  only  .02  cc.  per  liter,  and  by  subtracting  the  correction  from 
the  previous  table  we  get  the  following  : 


Table  No.  2. 

Apparent  Weight  0/ 1  Liter  0/  Water  at  Different  Temperatures,  ax 
Weighed  ivith  Brass  Weights  in  Air. 


Tempenture  of  Water. 


15 
16 

»7 
18 

19 
20 

21 

22 

23 

25 
26 

27 


C 


Apparent 
Weight. 


998.1 
998.0 

997. « 
997.7 
997.5 
997.3 
997.1 
996.9 

996.7 
996.5 
996.2 
996.0 

995-7 


Tcmpemture  of  Water. 


2S 
29 

30 
31 
32 

33 
34 
35 
36 
37 
3« 

39 
40 


c«>. 


Ai>pareiU 
Weight. 


995.4 
995.2 

994.9 
994.6 

994.2 

993.9 
993-6 
993-2 
992.9 

992.5 
992.1 

99«-7 
991-3 


This  table  at  25°  gives  the  apparent  weight  of  i  liter  of  water 
as  measured  by  our  burette.  The  expansion  or  contraction  of  the 
glass  above  or  below  this  temperature  will  modify  the  other  figures 
by  an  amount  equal  to  .023  cc.  for  each  degree,  and  this  amount 
must  be  subtracted  below  25°,  and  added  above  25°,  to  the  figures 
of  the  table.  Hence  we  have  a  final  table  giving  the  apparent 
weight  of  I  liter  of  water  under  ordinary  circumstances  as  above 
stated.  As  most  of  our  volumetric  gla.ssware  is  marked  as  stand- 
ard at  15°,  we  give  a  table  for  this  temperature  also,  although  the 
difleiience  amounts  to  only  .02  per  cent. 
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Water,  acid  and  salt  solutions  about  the  same,  but  alkalies  a 
little  more  slowly.  As  a  careful  titration  takes  usually  more  than 
2  minutes  and  less  than  15,  we  are  accustomed  to  read  the  burette 
after  5  minutes  standing. 

Select  water  at  the  same  temperature  as  the  balance  room.  A 
conNment  vessel  for  holding  the  water  while  weighing  is  a  good- 
sized  weighing  bottle  or  a  glass-stoppered  100  cc.  flask.  A  solu- 
tion of  bichromate  of  potash  in  moderately  strong  sulphuric  acid 
used  warm  is  an  excellent  agent  for  removing  grease  or  other 
foreign  matter  from  a  burette  tube. 

The  following  example  of  2  burettes  purchased  recently  will 
show  the  method  of  testing  and  also  exhibit  the  quality  of  gradu- 
ated glass-ware  to  be  found  in  the  market.  With  two  or  three 
tested  burettes  and  flasks  in  a  laboratory  we  may  readily  compare 
others  and  make  them  equivalent. 


Empty 


^  cc.  Burette. 

Mark  /?. 

Water  at  23^". 

Weighings. 

H^. 

True  cc, 

Burette. 

Difference 

25.120 

0.00 

32.931 

7.81 1 

7.«4 

7.82 

7.82 

4 1  452 

8.521 

8.55 

16.37 

8.55 

49-252 

7.800 

7.83 

24.21 

7.84 

24.22 


Same  burette  a^ahi  for  total  capacity.     \\  'atcr  at  jj^. 


Empty 


Weigh  ingA. 

Burette. 

25.084 

O.OC) 

49.946 

24.94 

24.862 

24.96 

cc. 

error,  .(^2  cc 

Duplicate.     H  atcr  at  23". 

Burelli' 

Empty  25.086 

49.983  O.fK) 


24.897  -25.00 cc.   24.97   error,  ,03  cc. 
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A  METHOD   FOR  THE   QUANTITATIVE  SEPARATION 
OF  STRONTIUM  FROM  CALCIUM  BY  THE  ACTION 
OF  AMYL  ALCOHOL  ON  THE  NITRATEvS.* 

By  p.  E.  Bkowninu. 

At  the  suggestion  of  Prof.  F.  A.  Gooch,  and  following  the  gen- 
eral mode  of  procedure  laid  down  in  his  paperf  upon  the  separa- 
tion of  sodium  and  potassium  from  lithium  by  the  action  of  aniyl 
alcohol  ou  the  chlorids,  I  undertook  a  series  of  experiments  looking 
toward  the  separation  of  strontium  from  calcium  by  the  action  of 
amyl  alcohol  on  the  nitrates.  On  boiling  several  portions  of  the 
so-called  chemically  pure  calcium  and  strontium  nitrates  with  amyl 
alcohol,  nearly  complete  solubility  was  observed  in  case  of  the  cal- 
cium salt,  while  corresponding  insolubility  seemed  to  be  character- 
istic of  the  strontium  salt,  and  these  results  seemed  to  warrant  pro- 
ceeding with  the  work. 

For  the  quantitative  tests  to  be  described  standard  solutions  of 
specially  purified  strontium  and  calcium  nitrates  were  prepared. 
In  general  the  preparation  was  effected  by  precipitating  a  soluble 
salt  of  either  element  with  ammonium  carbonate  in  the  presence  of 
ammonium  chlorid,  washing  thoroughly  with  boiling  water,  dis- 
solving in  the  least  possible  amount  of  nitric  acid,  and  making  up 
to  measure.     In  the  earlier  experiments  other  methods  of  purifica- 
tion were  used,  such  as  the  precipitation  of  the  strontinum  nitrate 
hy  alcohol,  and  in  case  of  the  calcium  salt  the  preparation  of  the 
nitrate  from  the  carbonate  precipitated  by  ammonium  carbonate 
from  a  solution  of  calcium  sulfate.     The  method  first  described, 
however,  gave  satisfactory  results,  the  spectroscope  failing  to  show 
in  the  product  thus  obtained  any  trace  of  intermixture  of  calcium 
and  strontium  salts,  or  the  presence  of  any  other  appreciable  im- 
purity.   In  the  determination  of  the  standard  of  these  solutions  de- 
finite amounts  were  drawn  off  from  burettes  into  a)unterpoised 
beakers  or  crucibles  (according  as  the  method  of  dtitcrmintition 
was  by  precipitation  or  evaporation)  and  weighed  as  a  check  on 
the  burette  reading.     The  strontinum  nitrate  in  each  portion  was 
converted  into  the  sulfate  either  by  precipitation  in  the  presence 
of  alcohol,  or  Viy  evaporating  and  igniting,  these  ifietlimls  yielding 
results  closely  agreeing.     The  calcium  was  determined  hy  evapor- 
ation with  sulfuric  acid.    The  first  series  of  experiments  was  directed 

■Am.  Jour.  Sci.,  J:iii  .  1S92. 
fAm.  Chcm.  Jour.,  vol.  ix.  p.  .;,^. 


.■^34  SKrAkATMX    III     >TK(iNTirM    IkuM    «. MAltM 

toward  ;iii  inviMie.itiiin  ti(  llu-  .iilimi  •»!"  .»iii\l  .i!i"l:"'.  :::•  •.  *'r  r\ 
11X11  iiitr.iti:  ;rniiH'.  ALVii[tIin>;lv  M.\ir.»l  .i!ii«iiiii:<*  ••!  \\\k  -!:  '  :  ,t: 
salt  wiTf  nuMsiiuil  Irmn  a  hiirvlli-  iiilu  itiiintiTj-'tM-:  I-  .  n  i- 
IkmUlTs  «it  aUmt  imto'.  c.i|i.ii'it\.  .itkI  wiik^V.ol  T::t  ■«!'..'  m^« 
iIkii  i-va|Hir.iU-il  nvt-r  a  w.iti-r  hath.  aii«i  thi-  ilr\  n.i'.:-*  !!*«*  .-•?  -; 
a  li-w  «lri»|»>  u!"  waliT  aiul  Imiliil  \\i!h  ;  •  lc  i>i  av.\\\  i'..'  •  \\.kl 
aiiitiuiit  fn-niv;  tirU'Tiniiir*!  iijmiii  lor  *'«!i\r!Jit!Hx  v."  ir-  •?  '.  V 
taki-11  iiiit  til  add  iimrr  than  tin-  iH-tt-^sar\  ani<*i:!:t  •:  m  .:•  r  r  l2% 
Milvr  till-  s.dt.  iiiaMiiiiih  as  ihi-  jiTrMiut-  ••!  iir:.  \\  \*.i!rr  i^  iv  •  :Sf 
pfiKi-ss  ii  Ikiiij;  iu-n-»H.irv  t"i\j*i  i!'.  !?:•■  \*.i!tr  **:  rf  ■^-r  „r..\' 
alroliol  iMii  (111  it«4  wiirk  and  tiii*!^  '.»•  caiiM  *;  i!!*::?.^  :•:  ■  rSr 
sn|H-rhi-atiii>;  •»!  ihi-  water  ami  i"i»!isc-i|iu-;it  "•'nilr?:  ^I'-.'-it  '.  / 
stiMin  niidiT  the  aloi|ii»1  It  ha-lntn  rii\  r\j*r;i:.vv  !!■•.?  -  tSf 
jiri'Miiii  III  a  !f\\  drujis  It!  w.ilrT  !hr  ^■•■.!it1i;  ki'^t*  •*■:  .  :  -^ "  •  '.Sr 
walrT  rMMjMii>;  ra^dx  i!iriiiik:li  tJu  aiii\ !  .iI* »•*?■►'.  ^  :  x*  -.  \St 
tiilllM-  III  .1  Ii  \\  iiiiiuitt  -•  till  .ilii»h'»l  ri  iilsrs  :!'•  ri-rniil  *•  ■'  •  ^  'z^ 
\Hj.\UiTv     I-"*      IV    C'  In  ••T.ii  r  ?ha!  ti:t    t!i?'.  i  !?•.!!:  i*'-.    •■•--•    ri 

thr   jK'ili'il    in!^:lil    !»'■!    TiMi  !i    llu    !!.iiiic    di:r!'»j    :*u     '•  ^    :V 

InikiT  was  j»Ia.  m!  nj»«»ii  .i  j'lfix-  ••!  .i-^^rs'.in  *..it*  r-  ■:  :  .  .-« 
•ofliMTi  Whiii  tilt  li  iiijn  :.i!!:rt  -•!  :!:-.  .i!rii}:««'  rv  u  '  o'.  :*  -^  r— .•! 
^Hii'.iii^'  jmini  i.'N  i;..  ^*  .is  ^h'iwii  *-\  I  tl'.t  r-:  "'.i::-  !br 
U  .iki  T  w.iN  ni!ii.\t.!  .ii-.il  :l«,i  •*!:.•!!: ii:!«i  :■.:■.?  in  :.t.  •¥•'.  ■*  .:•« 
.i!i  .i-*'* ''li's  ii  It  ^!i  I  jt  Tt'T.i'.i  •!  }  l.il:::f.::i  .T-i.'*'\  ■:«■  v-v  •  -r  ijii 
Ir'l  111  Mil.;  'iii!i  ^»:i  \  :.»r.si\    .It:..  I  .»!:■!  \*i  :fc;hi  ■! 

Till  tL'.tr.ili'Hi  w  .1^  V  .ir!!nl  "V.  iii-.di  r  ^im!!*  j:is*.'-»  ■-.  •  ?•■** 
U  iii;^  in'M'l  :v.  .1  \n  iKt  r  ^^  iv  l!::i:  -.xili:  i  *<■!'.  •.•:•■  •.  ^-  .  Ttf 
kl'.  i"*'  j»!  i!r  TV.i  '.I-',  •t.i*!"  ■  ■'.  s'T  ■•.•■•:::'.  ii-f.i!'.  w- -i  -^  •  .<** 
!T"!ii  \\\i  *«■  i'm  !  *i\  w  i^*-.:*'.:  \\\\\\  -::i  i!!  i::'.-  .:".*s  •  •.  -  .  :%.« 
**»-.'.i!  i:v.\'.  I'.i  •!:  !  .  •::!  i  •:.  '.  ••.  i  w  i"»*:  **.::'.i  V...  :-.  ■:'  -.  -\t  .c 
w ':  .•  ?i  I  '  ■?:^:^'.t ''.  •■!  .i  *:::.i'".  '■.*  •:  [  r  .  »\  ■.::::  :v.*«  •,  «•**  -  ^.  •  >■  -  w^\ 
;].'    <••]•]*  :    I'.  I    It  lA  ■!    .■•.!    I"  •■;■.  •.!;«:«•'.    •'.  !*:i  !  -i*  i -'•■'.**•,•  < 


B  • 


\ 


■         i  !■■■  l.i  ■■■■  ^•■•■■■■■^■a  m         ^ 

•'..,'.•■,     ■',      ■■■••.•.'•     •■■ ^•■•»i     ■•■•.      ■■•      !»•       '     .."-•■  ■  mm 

.  ",    '    .        ■  _•         I"'  .    .  ••■  .•  •  .■•••■  ■    •*•.     *••    .- •  ■  -     -   "-iSr 


\     . 


^    •   ■  ■    .'      ■■•.!.r»  *  !?.r  Tts'.':»      ■   •  •  --^  r» 


•pi«  p,        ■•  ••• 


l!(   -l       IS     .l\ 


I 


<( 
(I 
It 


SEPARATION   OF  STRONTIUM    FROM    CALCIUM.  335 

Senrs  I. 

( 1 )  SrO  taken  o.  1 229  f^in.     SrO  found  o.  1 220  gm.      Loss  0.0009  gni. 

(2)  *'        •*      0.1231    •*  "        *•      0.1221    •*  •*    0.0010 

(3)  ••         "      0.1230    "  •*         •*      0.1219    '*  ••    O.OOII 

(4)  *'        "      0.1227    *'  *•        **      0.1213    ••  "    0.0014 

These  results  suggested  a  possible  solubility  of  the  strontium 
salt,  and,  accordingly,  experiments  were  made  to  test  this  point. 
Amounts  of  strontium  nitrate  closely  agreeing  with  those  above 
were  taken  and  treated  in  the  same  manner.     The  filtrates  amount- 
ing, without  the  washings,  to  about  25  cc.  were  evaporated  to  dry- 
ness.    The  residue  was  ignited  to  bum  off  organic  matter  from 
the  amyl  alcohol,  treated  with  sulphuric  acid,  heated  to  low  red- 
ness, and  weighed.     In  two  cases  the  residue  of  strontium  sul- 
fate was  found  to  contain   of  the  oxid  respectively  0.0009  g^i. 
and  o.ooio  gm.     As  will  be  seen  the  solubility  of  the  strontium 
nitrate  averages  about  0.0010  gm.  of  the  oxid  to  30  cc.  of  amyl 
alcohol  used.     The   exact   extent  of  this  solubility  depends,  of 
course,  upon  the  amount  of  amyl  alcohol  remaining  after  boiling  ; 
and  since  the  source  of  heat  is  removed  as  soon  as  the  normal  boil- 
ing temperature  of  the  alcohol  is  reached,  very  little  decrease  in  the 
volume  of  the  previously  boiled  alcohol  results.     On  measuring 
the  amounts  of  the  alcohol  remaining  in  several  experiments  I 
found  them  to  approximate  closely  to  25  cc.     It  seemed  justifiable, 
therefore,  to  add  as  a  correction  to  the  apparent  amount  of  stron- 
tium oxid  found  0.0010  gm.  for  ever>'  25  cc.  of  amj-l  alcohol  re- 
mainmg,  or  for  every  30  cc.  originally  taken.     Experiments  were 
also  made  to  determine  whether  the  strontium  nitrate  might  have 
been  at  all  broken  down  in  the  process  of  boiling  and  heating  so 
that  some  strontium  might  be  present  in  the  final  residue  in  the 
form  of  oxid  or  nitrite.     In  two  of  these  experiments  portions  of 
strontium  nitrate  left  by  the  treatment  with  amyl  alcohol  were  dis- 
solved, precipitated  as  the  sulfate  and  weighed  as  such,  and  the 
^ults  of  these  experiments  (5  and  6)  go  to  show  that  the  compo- 

«   ■ 

sition  of  the  strontium  nitrate  is  not  appreciably  changed  in  the 
process  of  separation  and  drying.  In  certain  other  cxj)c*riniciits  di- 
'^tcted  to  the  same  end,  the  residues  of  the  process  of  separation 
were,  after  weighing  and  drying,  treated  with  a  drop  of  nitric  acid, 
and  again  dried  at  150°  C.  and  weighed.  These  te^ts  (  7  )  and  i  S  ) 
confirm  the  indications  of  the  previous  experiments.     Finally  a 
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small  that  it  was  not  practicable  to  solve  this  question,  at  once,  ex- 
actly and  satisfactorily  without  directing  attention  too  far  from  the 
main  issue.  Moreover,  the  error  introduced  by  this  peculiar  be- 
havior of  the  calcium  salt  proved  to  be  insignificant  in  its  effects 
upon  the  quantitative  determination  of  the  calcium,  and  accord- 
ingly, it  was  disregarded  in  the  subsequent  tests. 

The  next  experiments  were  directed  toward  a  separation  of  stron- 
tium and   calcium  nitrates.     Definite  amounts  of  a  solution   of 
strontium  nitrate  were  measured  from  burettes  into  counteri>oised 
beakers  and  weighed,  as  already  described,  the  calcium  nitrate  was 
then  added  in  solution,  and  the  weight  taken  again.     The  water 
was  evaporated  and  the  dry  salts  dissolved  again  in  the  least  pos- 
sible amount  of  water  and  lx)iled  with  amyl  alcohol  (30  cc.),  as 
before.    The  strontium  was  filtered  off  into  a  perforated  platinum 
crucible  containing  an  asbestos  felt,  dried  and  weighed  as  previ- 
ously described.     The  calcium  was  determined  in  the  form  of  the 
sulfate,  by  evaporation  of  the  alcohol,  treatment  with  an  excess 
of  sulfuric  acid,  and  ignition. 

Conection  was  made  for  the  solubility  of  the  strontium  nitrate, 
and  its  consequent  presence  with  the  calcium,  by  calculating  the 
amount  dissolved  in  the  portion  of  amyl  alcohol  employed  to  the 
condition  of  sulfate  and  subtracting  that  quantity  from  the  appar- 
ent amount  of  calcium  sulfate  found.  The  results  of  this  mode 
of  proceeding  are  recorded  in  experiments  ( 10)  and  ( 11). 

SrO  Found.  CaO  lMmti<l. 

Sri)  Taken.    iCorreclcU.)         Error.  CaO  Taken.    (Correcte<l.i  Krrt>r. 

do]  0.0911  giu.   o.o932gin.   0.0021  gin.  ■  0.0932 gin.   0.0907 gni.   0.0025  gm. — 
(III  0.0915   •'      o.f)945    ••      o.Of:)3o   "      0.0933    "      0.0S99    "      0.0034    "    — 

After  making  the  correction  in  the  maimer  s])ecified  it  is  evident 
that  the  amount  of  strontium  indicated  is  greater  than  that  ori>;i- 
nally  taken.  It  is  apparent,  therefore,  that  the  strontium  nitrate 
must  have  been  contaminated,  probably  mechanically,  by  the  cal- 
ciUDi  salt,  as  the  calcium  salt  is  found  to  be  correspondingly  defi- 
cient in  amount.  It  was  thought  best,  therefore,  to  have  rec^onrse 
to  a  double  treatment  with  the  alcohol.  Aca)rdini;ly  after  tlie 
first  boiling  already  described  the  alcoliol  carrying  the  greater  ])art 
of  the  calcium  in  solution  was  decanted  upon  an  asl)estos  felt  under 
the  conditions  previously  described  and  collected  in  a  beaker  i)lace(l 
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series  is  less  than  o.oooi  gni.  +  on  theoxid  ;  that  of  the  calcium 
amounts  to  0.0017  gm.  —  on  the  oxid  in  Series  II.  and  to  0.0005 
gm.  —  in  Series  III. 

In  both  processes  the  correction  for  the  solubility  of  strontium 
nitrate  in  amy!  alcohol,  determined  as  previously  described,  was 
applied —  0.0020  gm.  being  added  to  the  weight  of  the  strontium 
oxide  found  after  the  double  treatment  with  amyl  alcohol,  and 
00035  ?™-  being  deducted  from  the  apparent  weight  of  the  calcium 
sulfate  found  before  calculating  it  to  the  form  of  the  oxid.  The 
latter  of  the  two  processes,  which  are  identical  so  far  as  handling 
of  the  strontium  is  concerned,  yields  the  better  results  in  the  de- 
termination of  the  calcium,  doubtless  because  a  trifling  amount  of 
calcium  sulfate  remains  in  solution  in  the  filtrate  in  the  fonner 
Focess,  while  in  the  latter  everv'  trace  should  be  recovered.  The 
deposition  of  minute  traces  of  calcium  in  the  precipitation  of  the 
strontium  nitrate,  to  which  reference  has  been  previously'  made, 
is  evidently  a  matter  of  no  signifiance  in  comparison  with  the  or- 
dinan*  errors  of  manipulation. 

A  METHOD   FOR  THE  QUANTITATIVE  SEPARATION 
OF  BARIUM  FROM  CALCIUM  BY  THE  ACTION 
OF  AMYL  ALCOHOL  ON  THE  NITRATES.* 

Uy  p.  K.  Brown  INC.. 

The  fact  that  strontium  can  be  separated  quantitatively  from 
calcium  by  boiling  the  nitrates  with  amyl  alcohol,  as  I  have  re- 
^ntly  showny  naturally  suggested  a  similar  separation  of  barium 
from  calcium  by  the  same  general  treatment.     Solutions  of  spe- 
^^lly  puriBed   barium   and  calcium    nitrates  were  prepared  and 
standardized,  either  by  the  evaporation  or  filtration  of  definite  jwr- 
tioiis  after  treatment  with  sulfuric   acid.     The   mean   of  .several 
closely  agreeing  results,  both  by  evaporation  and  filtration,  was 
^ken  as  the  standard.     The  method  followed  was  essentially  the 
same  as  described  in  the  method  for  the  quantitative  separation  of 
strontium  from  calcium  referred  to  above.     The  first  series  of  ex- 
P^ments  was  directed  toward  an  investigation  of  the  action  of 
^.vl  alcohol    upon  barium  nitrate   alone.     Accordingly  definite 
amounts  of  the  barium  salts  were  measured  into  Hohcniian  hL-akers 
of  about  100  cc.  capacity  and  weighed.     The  water  was  then  evap- 
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Series 

III. 

BaO  Taken. 
Cms. 

BaO  Found. 
Cms. 

Error. 
Cms. 

CaO  Taken. 
Gms. 

CaO  Found. 
Gms. 

Krror. 
Gms. 

10. 

0.1304 

0.1308 

0.0004-}- 

0.0927 

0.0921 

0.0006 — 

II. 

0.1043 

0.1046 

0.0003  ^ 

0.0371 

0.0370 

O.OOOI — 

12. 

0.1037 

0. 1036 

O.OOOI  — 

0.0743 

0.0744 

O.OOOI -J 

13. 

0.0783 

0.0776 

0.0007 — 

0.0427 

0.0422 

0.0005 — 

14* 

0.0519 

0.0521 

0.0002 -i- 

0.0369 

0.0361 

0.0008 — 

15. 

0.0519 

0.0512 

0.0007 — 

0.0570 

0.0567 

0.0003 — 

16. 

0.0261 

0.0259 

0.0002 — 

0.0925 

0.0925 

0.0000 

The  next  experiments  were  directed  toward  a  separation  of  ba- 
rium and  calcium  nitrates.     Definite  amounts  of  a  solution  of  ba- 
rium nitrate   were   measured   from   burettes   into   counterpoised 
beakers  and  weighed,  as  already  described,  the  calcium  nitrate 
was  then  added  in  solution  and  the  weight  taken  again.     The 
water  was   evaporated  and  the  dry  salts  dissolved  again  in  the 
least  possible  amount  of  water,  and  boiled  as  before  with  30  cc. 
of  amyl  alcohol.     The  barium  salt  was  filtered  off  into  a  perforated 
platinum  crucible  containing  an  asbestos  felt,  dried  and  weighed 
as  previously  described.     The  calcium  was  determined  in  the  fil- 
trate, in  the  form  of  the  sulfate,  by  evaporation  of  the  alcohol, 
treatment  with  an  excess  of  sulfuric  acid  and  ignition.     Series 
n  gives  the  result  of  this  treatment. 

In  Series  III  the  effect  of  a  double  treatment  with  the  alcohol  is 
r^wded.  In  these  experiments,  after  the  first  boiling,  already  de- 
scribed, the  alcohol  was  decanted  upon  an  a.sbestos  felt,  under  the 
conditions  previously  mentioned,  and  collected  in  a  beaker 
placed  to  receive  it.  The  residue  was  then  dried  at  a  gentle 
heat  over  a  radiator  to  remove  amyl  alcohol,  dissolved  in  a  few 
^ps  of  water,  and  this  solution  was  treated  with  a  drop  of  dilute 
mtnc  acid  to  assure  the  condition  of  nitrate,  and  evaporated  to 
drjTiess.  After  dissolving  in  a  few  drops  of  water.  30  cc.  of  alco- 
hol were  added,  and  the  boiling  repeated.  The  residue  was  fil- 
tered oflf  upon  the  felt  through  which  the  first  portion  had  lx?en  de- 
canted and  washed  with  amyl  alcohol,  care  l^eing  taken  to  remove 
all  particles  from  the  beaker  by  careful  nibbing.  The  crucible  and 
residue  were  heated  to  150°  C.  as  !)ef()re  and  weighed.  The  re- 
sults after  one  treatment  are  fully  as  satisfactory  as  those  after  the 
double  treatment, — a  point  which  simplifies  the  method  considera- 
bly.   In  the  separation  of  strontium  from  calcium  the  double  treat- 
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nient  was  necessary.  The  form  in  which  the  salts  separate  sug- 
gested a  possible  explanation.  The  strontium  nitrate  separates  in 
plate-like  masses,  while  the  barium  is  much  more  granular  and 
therefore  less  liable  to  include  foreign  matter. 

Series  IV  contains  the  results  of  certain  experiments  directed  to- 
ward the  separation  of  barium  and  strontium  together  from  calcium. 
Definite  portions  of  the  three  nitrate  solutions  were  measured  into 
counterpoised  beakers  and  the  successive  weights  taken  as  pre- 
viously described.  The  method  of  treatment  was  the  same  as  that 
described  in  the  double  treatment  of  the  barium  and  calcium  salts. 
The  correction  for  the  solubility  of  the  strontium  salt  was  applied 
(o.ooi  gm.  of  strontium  oxid  to  30  cc.  of  the  alcohol  used)  in  the 
manner  defined  in  the  paper  upon  the  separation  of  strontium  from 
calcium.  The  results  are  tabulated  for  the  nitrates  in  the  cases  in 
which  barium  and  strontium  were  treated  together,  but  the  errors 
are  also  averaged  on  the  oxids  for  the  amounts  of  barium  and 
strontium  nitrates  taken  in  order  that  they  may  be  compared  more 
conveniently  with  the  results  of  the  previous  series. 

Series  IV. 


Bo(NOa)- 
and 

snNO;,\. 

taken. 

Ba(NO.iV. 

and  Sr(NC>3>s 

found  nud 

corrected. 

Error 

in 

nitrates. 

Error  Aver- 
aged and 
calculated  as 
oxid. 

CaO 
taken. 

CaO 
found. 

Error. 

(;m!t. 

Gnis. 

(Ims. 

Oms. 

Cms. 

(;ms. 

Oms. 

17. 

".394« 

0.3945 

0.0004- 

0.0002- 

0.0283 

0.0277 

0.0006 — 

18. 

0.1436 

0.1442 

0.0006  i- 

0.0003  1 

0.0568 

0.0558 

O.OOIO— 

»9- 

0.3163 

0.3152 

O.OOII  — 

0.0006— 

0.0284 

0.0274 

O.OOIO— 

20. 

0.1978 

0. 1978 

0.0009- 

0.0005  *- 

0.0285 

0.0280 

0.0005— 

21. 

0.1948 

0.1932 

0.0016 — 

0.0008 — 

0.0833 

0.0835 

0.0002 -f- 

22. 

0.197 1 

0.1971 

0.0000 

0.0000 

0.0830 

0.0817 

0.0013 — 

23- 

0.1973 

0.1960 

0.0013 — 

0.0007 — 

0.0830 

0.0824 

0.0006 — 

24. 

0.1959 

0. 1970 

O.OOI  I   ' 

0.0005  r 

0.0830 

0.0819 

0.001 1 — 

25. 

O.I971 

0.1963 

0.0008  : 

0.0004 -» 

0.0834 

0.0831 

0.0003 — 

In  experiments  (21),  (25)  15  cc  of  the  alcohol  were  used  in  each 
boiling  instead  of  the  30  cc.  of  the  previous  experiments,  and  thus 
the  total  amount  of  the  corrections  for  the  solubility  of  the  stron- 
tium salt  was  reduced  one  half.  In  experiments  (21),  (23J  and  (25) 
the  calcium  was  determined  by  precipitation  with  sulfuric  acid, 
the  precipitate  being  filtered  off,  ignited  at  low  redness  and  weighed 

The  rapidity  of  execution  and  satisfactory  character  of  the  re- 
sults of  this  method  of  separating  barium  from  calcium  seem  to 
place  it  among  goo<l  analytical  methods. 


ON  THE  QUALITATIVE  SEPARATION  AND  DETECTION 

OF  STRONTIUM  AND  CALCIUM  BY  THE  ACTION 

OF  AMYL  ALCOHOL  ON  THE  NITRATES.* 

By  p.  K.  Browning. 

In  a  recent  paperf  I  have  shown  that  strontium  and  calcium 
may  be  separated  quantitatively  by  boiling  the  nitrates  of  these 
elements  with  amyl  alcohol  and  applying  the  corrections  deter- 
mined for  the  solubility  of  the  strontium  salt.     The  qualitative 
separation,  however,  is  somewhat  vitiated  by  the  deposition  of  a 
slight  residue  upon  the  bottom  of  the  test  tube  or  beaker  when  cal- 
cium nitrate   is  boiled  with   amyl   alcohol.     While   this   depo.sit 
weighs  but  a  few  tenths  of  a  milligram  and  is  insignificant  in  its 
effects  upon  the  interpretation  of  the  quantitative  results,  it  may 
easily  be  mistaken  for  strontium  in  the  qualitative  test  unless  tested 
spectroscopically.     This  residue  when  dried,  dissolved    in  water 
'     and  nitric  acid,  and  again  treated  with  amyl  alcohol  is  not  dis- 
'i     solved  completely  but  again  separates  out  wholly  or  partially.    The 
possibility  of  the  formation  of  the  calcium  salt  of  an  organic  acid 
by  the  action  of  the  nitric  acid  on  the  amyl  alcohol  (a  point  to 
which  reference  was  made  in  the  paper  Ixifore  mentioned),  sug- 
gested the  idea  that  ignition  might  so  change  the  residue  that  it 
would  not  re-appear  upon  a  second  boiling  with  the  amyl  alcohol. 
Experiment  proved  the  truth  of  this  presumption  ;  for  it  was  found 
.     that  after  getting  the  ignited  residue  into  solution  with  water  and 
I     adrop  of  dilute  nitric  acid,  subsequent  boiling  with  amyl  alcohol 
rfected  complete  solution,  as  .shown  by  experiments  (i),  (2),  (3), 
(4)  of  Series  I  below.     In  applying  the  method  qualitatively,  small 
amounts  of  the  amyl  alcohol  may  l>e  conveniently  used  and  the 
boiling  carried  on  in  a  test  tulxi,  care  being  taken  to  keep  the  in- 
flammable fumes  of  the  alcohol  from  the  flame.     Five  cubic  centi- 
meters of  the  alcohol  is  a  convenient  amount  to  use  in  each  Ixiil- 
wgand  the  error  introduced  by  the  solubility  of  the  strontium  salt 
is  thus  reduced  to  a  minimum,  the  solubility  in  30  cc.  having  l)een 
detennined  to  be  o.ooi  gm.  of  the  oxid.     Exi>eriments  made  to 
test  the  delicacy  of  the  method  as  regards  the  detection  of  strontium 
■  alone  are  recorded  in  Series  I  (5),  (6),  (7),  (S).  (9 ) ;  and  (10),  ( 1 1 ). 
^*^^''^3).  give  the  results  of  the  treatment  in  the  presence  of  both 
strontium  and  calcium.     Into  a  test  tube  is  put  the  mixture  of  the 
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cliaracter  of  the  precipitate  in  the  case  of  calcium  was  moreover, 
distinctive,  it  being  in  every  case  light  and  flocky,  and  collecting 
in  floating  masses.  With  the  precautions  noted  very  satisfactory 
resnlts  can  be  obtained  by  this  method,  not  the  least  advantage 
being  the  rapidity  with  which  a  determination  can  be  made.  It 
will  be  noticed  that  in  some  cases  calcium  and  strontium  are  re- 
corded as  the  nitrates  and  in  others  tabulated  as  oxids.  When 
either  strontium  or  calcium  were  used  in  large  quantities  the  pure 
nitrate  was  weighed  out  directly  ;  when  very  small  amounts  were 
used  these  were  taken  from  the  standardized  solutions  of  the  ni- 
tntes  used  in  the  quantitative  work,  the  standards  of  which  had 
been  recorded  in  terms  of  the  oxid.  The  strontium  and  calcium- 
salts  used  in  this  work  were  specially  purified  by  the  methods  de- 
tailed in  my  previous  paper. 

Series  I. 


SrO  taken. 

Ca(NO,)s  token. 

Deposit  after 
first  boilinfp. 

Deposit  after 
second  boiling. 

I. 

O.I  gtn. 

Trace 

2. 

"0.2   " 

Slight 

None 

3. 

0.2   " 

Slight 

None 

4. 

0.2   •* 

Distinct 

Faintest  trace 

5. 

0.0003  gm. 

Faint  trace 

Faint  trace 

6. 

0.0003 

Faint  trace 

Faintest  trace 

7. 

0.0005 

Distinct 

Distinct 

a 

0.0005 

Distinct 

Distinct 

9. 

aooio 

Distinct 

Distinct 

la 

0.0010 

0.2   " 

Distinct 

Distinct 

II. 

0.0005 

0.1    " 

Distinct 

Faintest  trace 

12. 

0.0007 

0.1    " 

Distinct 

Faint  trace 

15. 

0.0008 

0.05" 

Distinct 

Distinct 

Series  II. 

^(NO,)sUken. 

CaO  taken. 

Result. 

o.ooi  gtn. 

Faint  granular 

cloudiness 

0.1 

t« 

II            «« 

1 1 

0.2 

ti 

II            II 

i< 

O.OOI    gm. 

Decided  flocky 

floating  masses. 

0.0005     ** 

It             it 

ii             ii 

0.0002     ** 

(<            ii 

i  1             •  1 

7. 

O.OOOI       " 

Plain 

11             it 

8. 

0.00005  •* 

Faint 

1 1             it 

9- 

0.1 

li 

0.0005     ** 

Decided      '* 

It             « t 

10. 

0.1 

t( 

0.0002     " 

it            it 

1 1             It 

IT. 

0.1 

t( 

O.OOOI       " 

Plain 

It             It 

12. 

0.2 

«i 

0.0002     " 

Decided        " 

II             It 

A  METHOD  FOR  THE  DETERMINATION   OF   BARIUM 

IN  THE  PRESENCE  OF  CALCIUM 
AND  MAGNESIUM.* 

By  F.  W.  Mar. 

The  recent  investigationf  by  Prof.  R.  Fresenius  of  the  value  of 
the  various  methods  which  have  been  proposed  for  the  separation 
of  barium  and  calcium,  shows  that  but  two  of  the  methods  tested 
by  him  are  sufficiently  accurate  for  good  analytical  work,  and  even 
with  these  it  is  necessary  to  make  two  treatments  in  order  to  obtain 
a  complete  separation.  The  method  here  described  may  therefore 
be  of  interest  and  by  reason  of  its  rapidity  and  accuracy  may  prove 
valuable,  although  since  the  publication  of  the  work  of  Fresenius 
another  method  J  has  been  published  from  this  laboratory  which, 
in  point  of  accuracy,  leaves  little  to  be  desired. 

It  has  long  been  known  that  barium  chlorid  is  insoluble  to  a 
marked  degree  in  concentrated  hydrochloric  acid,  but  the  difficulty 
of  filtering  off  the  strong  acid  has  in  the  past  prevented  the  deter- 
mination of  the  exact  amount  of  this  insolubilit>',  and  for  the 
same  reason  the  reaction  has  not  been  available  for  quantitative 
use.  Since  the  invention  of  the  Gooch  crucible,  however, 
the  treatment  of  such  strong  acid  filtrates  has  become  a  matter  of 
the  greatest  ease,  and  it  seemed  worth  while  to  investigate  the 
limits  of  the  insolubility  of  barium  chlorid  in  the  strong  acid  and 
to  ascertain  whether  the  reaction  might  not  be  of  use  in  the  sepa- 
ration of  barium  from  calcium  and  magnesium,  the  chlorids  of 
which  are  soluble  in  the  strong  acid. 

The  barium  chlorid  used  in  the  following  experiments  was  the 
pure  crystallized  chlorid  containing  two  molecules  of  water.  The 
calcium  salt  was  the  pure  fused  chlorid,  and  the  magnesium  salt 
was  the  pure  crystallized  magnesium  chlorid  dried  at  50°  C.  As 
the  two  latter  were  not  determined  in  the  experiments  it  was  not 
necessary  to  know  the  composition  of  the  salts  used  as  regards  hy- 
groscopic moisture.  Attention  was  first  given  to  determining  the 
solubility  of  barium  chlorid  in  hydrochloric  acid. 

•.\m.  Jour.  Sci.  June,  1S92. 
f/.citsclirift  fur  anal.  Chem..  30,  595. 
IV.  K.  HrowniuK.  this  Journal,  p.  .v^c*. 
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Series  A. 

Ixp. 

BaOf.  aH,0 
gms. 

Water, 
cc. 

HCl. 
cc. 

ToUl. 
Filtrate, 
cc. 

BaCIf 
firms- 

Loss, 
firms. 

I. 

0.5024 

5 

20 

a  424 1 

0.0041 

2. 

0.5084 

5 

20 

0.4304 

0.0030 

3. 

0.5099 

2 

25 

0.4320 

0.0027 

4. 

0.5033 

2 

25 

90 

0.4251 

0.0039 

5. 

0.5047 

2 

25 

52 

0.4247 

0.0055 

6. 

0.5065 

2 

50 

115 

0.4257 

0.0060 

7. 

0.5008 

2 

50 

75 

0.4218 

0.0051 

8. 

0.501 1 

2 

50 

93 

0.4220 

0.0051 

9- 

0.5024 

2 

75 

123 

0.4246 

0.0037 

The  experiments  in  Series-^  were  made  as  follows  :  The  barium 
salt  was  weighed  out,  placed  in  a  small  beaker  and  dissolved  in 
the  amount  of  water  indicated.  The  barium  was  then  precipitated 
as  the  anhydrous  chlorid  by  adding,  gradually  first,  the  amount 
of  hydrochloric  acid  shown.  After  standing  for  five  or  ten  minutes 
the  precipitates  were  filtered  oflF  upon  asbestos  in  Gooch  crucibles, 
washed  with  concentrated  hydrochloric  acid,  dried,  sometimes  over 
a  low  flame  (at  about  i50°-2oo*^  C.)  and  sometimes  in  an  air  bath 
heated  to  165°  C,  and  weighed.  In  several  cases  the  total  filtrate 
was  measured  and  the  volume  is  given  in  the  tabular  statement. 
The  results  show  a  considerable  solubility  amounting  to  about  i 
part  in  8000  under  the  conditions  given. 

■ 

Series  H, 


Total. 

Sxp. 

BaCl«.  2H«0 

Water. 

HCl. 

Filtrate. 

HaCls. 

I^ss. 

g^ns. 

cc. 

cc. 

cc. 

Kius. 

ifnis. 

10. 

0.5057 

2 

25 

75 

0.4268 

0.0042 

11. 

0.5017 

5 

50 

90 

0.4198 

0.0078 

12. 

0.5068 

3 

50 

100 

0.4235 

0.0085 

»3. 

0.5019 

2 

100 

144 

0.4186 

0.0082 

The  experiments  in  Series  B  were  conducted  similarly  to  those 
of  Series  ^  except  that  the  precipitates  were  allowed  to  stand  24 
hours  before  filtration.  The  loss  due  to  solubility  was,  as  is  shown 
by  the  table,  greater  than  before,  due  doubtless  to  the  escape  of 
hydrochloric  acid  gas  from  the  solution. 


Series 

c. 

Exp. 

BaCl-.  2HaO 

Water. 

HCl. 

Alcohol. 

KsiCl.... 

Loss. 

gtns. 

cc. 

cc. 

cc. 

Kills. 

glllS. 

14. 

0.501 1 

3 

25 

15 

0.4228 

().(X).t3 

15. 

0.5096 

2 

25 

10 

0.4278 

c>.(kj66 

M>^ 
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nient  amount  of  hot  water  (about  2  cc. )  and  precipitation  was 
brought  about  by  adding  the  indicated  amount  of  concentrated  hy- 
drochloric acid.  The  beaker  containing  the  precipitate  was  then 
placed  in  cold  water  and  the  amount  of  ether  shown  in  the  tables 
was  added  and  mixed ^vith  the  solutions  by  thorough  .stirring.  After 
standing  for  five  or  ten  minutes  the  precipitate  was  filtered  off  and 
washed  with  concentrated  hydrochloric  acid  containing  about  10  '/( 
by  volume  of  absolute  ether  and  dried,  sometimes  in  an  air  bath  at 
i65°-i75°  C.  and  at  others  over  a  radiator  giving  a  temperature 
of  i75°-2oo°  C.  A  constant  weight  was  more  quickly  obtained 
by  the  latter  method  and  it  was  used  exclusively  in  the  experi- 
ments of  the  subsequent  series.  In  using  it  a  low  heat  was  used 
at  first  and  the  temperature  was  not  increased  until  the  precipitate 
was  moderately  dry.  The  results  show  that  barium  chlorid  is 
practically  insoluble  in  a  mixture  of  hydrochloric  acid  and  ether 
containing  about  one-sixth  by  volume  of  the  latter.  The  average 
solubility  calculated  from  the  experiments  given  is  one  part  in 
122,000.  The  actual  solubility  is  less  than  this  since  no  account 
^^^  taken  of  the  volume  of  the  washings  which  were  at  least  equal 
to  the  original  filtrates. 


Siriea 

F. 

Esp 

UaCl,.    2H3O. 

CaClj. 

IICI. 

Ulhn 

BaCL. 

Loss. 

KHIR. 

gms. 

cc. 

cc. 

Kins. 

Kins. 

29- 

0.5001 

0.5 

50 

10 

0.4250 

0.0013 

30. 

0.4999 

0.5 

50 

10 

0.4250 

0.(X)1  I 

31. 

y.5005 

0.5 

25 

25 

0.4260 

o.(XX)6 

32. 

0.5002 

0.42 

25 

5 

O.425S 

o.cxx)4 

33- 

0.5001 

0.5 

25 

5 

0.42.55 

0.0008 

34. 

0.5005 

0.5 

25 

5 

0.4251 

0.0015 

35. 

0.5001 

0.5 

25 

5 

0.4254 

0.0009 

36. 

0.5001 

0.5 

25 

5 

0.425.S 

o.(Xxj5 

37- 

0.5003 

0.5 

25 

5 

0.4261 

0.0004 

38- 

0.1002 

30 

25 

5 

o.t)S42 

0.(X)I0 

39- 

0.0107 

3.0 

2.5 

5 

().(j(>.So 

o.()(«5 

40 

0.5100 

0.5 

25 

o.432>< 

0.0020 

Series /'was  undertaken  to  test  whether  the  mode  of  precipita- 
ting barium  used  in  the  preceding  scries  would  be  of  use  in  the 
separation  of  the  barium  from  calcium.     The  experiments  were 
conducted  as  in  Series  /:,  except  that  the  c:ilciiini  salt  was  dis- 
jjolved  with  the  barium  chlorid.      It  was  necessary  to  use  more 
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ceeding  one  part  in  20,000  in  pure  concentrate<l  hydrochloric  acid, 
but  the  solubility  increases  very  rapidly  with  the  diminution  in 
the  strength  of  the  acid.     In  concentrated  hydrochloric  acid  con- 
taining ether  it  is  soluble  to  an  amount  not  exceeding  one  part  in 
about  120,000.     To  utilize  this  fact  for  the  separation  of  barium 
from  calcium  and  magnesium  the  chlorids  of  the  earths  are  dis- 
solved in  the  least  possible  amount  of  boiling  water  and  precipita- 
ted by  25  cc.  of  concentrated  hydnx:hloric  acid  with  the  addition 
of  5  cc.  of  absolute  ether  after  cooling.     The  acid  should  be  added 
drop  by  drop  at  first,  allowing  the  precipitate  formed  to  redissolve 
as  long  as  possible,  as  the  precipitate  is  thus  obtained  in  a  coarse 
cn-stalline  condition  and  filters  ver\'  quickly  and  is  less  liable  to  in- 
clude foreig^i  matter.     After  standing  a  few  minutes  the  precipi- 
tate is  to  be  filtered  in  a  Gooch  crucible,  washed  with  hydrochloric 
acid  containing  about  10  per  cent,  of  ether  and  dried  at  150° -200*^ 
C.    The  method  is  accurate  and  rapid,  and  possesses  the  further 
advantage  when  a  number  of  determinations  are  to  be  made  that 
the  precipitate  may  be  dissolved  off  the  felt  by  a  little  water  and, 
after  ignition,  the  crucible  and  felt  may  be  used  again  without  re- 
weighing.     A  felt   upon  which  half  a   dozen    precipitates   w^ere 
weighed  did  not  change  its  weight  to  the  extent  of  one-tenth  of  a 
milligram.     The  fumes  of  the  strong  acid  cause  no  inconvenience 
if  the  filtration  is  performed  in  front  of  a  good  flue.     A  gas  flame 
niaybeused  in  the  flue  without  danger  from  the  ether  w-hich  seems 
tobefimilv  held  bv  the  hydrochloric  acid.     A  flame  was  used  to 

^  ^  * 

increase  the  draught  in  all  of  the  experiments  given  and  with  en- 
tire safety,  even  when  the  filtrate  contained  50  per  cent  by  volumt? 
of  ether. 

The  author  wishes  in  concluding  to  acknowlcdgt*  his  indebted- 
ness to  Prof.  Gooch  for  many  helpful  suggestions  freely  given  in 
the  course  of  the  investigation. 
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My  otto  IIkiini.k. 

In  the  last  number  of  The  Analyst,  refertMioe  is  made  to  an  oh- 
ser\-ation  which    must  have   struck  fvery  analyst,   namely,   that 
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whilst,  as  a  nile,  genuine  butters  when  carefully  melted,  yield  a 
fat  which  is  practically  clear,  margarines  and  badly  adulterated 
samples  melt  very  turbid. 

I  have  for  about  a  year  pa.st  kept  a  record  of  most  of  the  butter 
samples  which  have  passed  through  mj'  laborator>',  and  have  noted 
the  appearance  on  melting  the  .samples  in  the  water-oven,  also  the 
fact  whether  preservatives  were  found  or  not,  together  with  the  re- 
sult of  the  analysis. 

370  samples  have  thus  been  examined  with  the  following  re- 
sults : 

162  melted  clear,  and  were  genuine. 
61  melted  turbid,  and  were  genuine. 
Si  melted  turbid,  and  were  adulterated. 
66  melte<l  clear,  and  were  adulterated. 

Of  the  370  samples,  214  were  preserved  with  borax  or  with  boric 
acid,  namely  119  genuine  samples,  or  53  per  cent,  of  all  genuine 
samples  ;  and  95  adulterated  ones,  or  65  per  cent,  of  all  adultera- 
ted samples. 

It  is  o])vious  from  the  above  table,  that  while  the  majority  of 
genuine  samples,  namely,  72.6  per  cent,  melted  quite  clear,  and 
the  majority,  55.1  per  cent.,  of  the  margarines  more  or  less  turbid, 
nothing  but  the  vaguest  conclusions  can  be  drawn  from  the  ap- 
pearance on  melting.  It  is  true,  that  in  most  cases  in  which  the 
samples  melted  clear  and  yet  were  adulterated,  the  percentage  of 
the  admixture  was  comparatively  small,  say  under  20  per  cent. 
But  I  have  met  with  adulterated  samples  containing  25,  30,  40, 
and  even  94  per  cent,  of  margarine,  and  yet  they  melted  clear. 
These  arc  isolated  instances,  but  they  remove  the  method  quite  out 
of  the  list  of  reliable  ones. 

I  am  not  in  a  position  to  criticise  the  statements  made  by  Drouot, 
Kesana,  and  Wolhiy,^-  who  all  operated  with  a  little  apparatus  de- 
vised by  Drouot,  whilst  I  simply  melted  my  samples  in  a  small 
beaker  at  the  temperature  of  the  water  oven,  but  my  results  will 
be  sutlicient  to  make  analysts  cautious  before  placing  reliance  upon 
such  a  test. 

The  general  use  of  boric  preservatives  should  be  noted. 

*Src  abstrai't.  Analyst,  vol.  17.  p.  i(»" 


NOTE  ON  THE  LEFFMANN-BEAM  METHOD  OF  DETER- 
MINING FAT  IN  MILK.* 

By  Otto  Hriinkk. 

Drs.  Leffniann  and  Beam  have  been  kind  enough  to  send  me 
one  of  their  centrifugal  machines  for  the  rapid  estimation  of  fat  in 
milk.  I  have  made  a  few  estimations  of  fat  by  means  of  this  ma- 
chine and  give  the  results  in  the  following  table : 

Fat  by  Coil.         Fat  by  Centrifugal. 

1 389  3.»7 

2 2.51  2.54 

3 3-34  3-27 

4 3-32  327 

5 2.60  2.45 

6 1.85  1.76 

7 3.i«  3.10 

The  results  as  far  as  it  is  possible  to  judge  from  .so  limited  a  num- 
ber of  determinations,  are  therefore  quite  as  accurate  as  claimed  for 
them  by  the  authors  of  the  process.  I  find  one  minute's  whirling 
quite  sufficient  to  separate  the  whole  of  the  fat.  It  is  therefore 
possible,  by  taking  the  sp)ecific  gravity  and  the  fat  by  the  Leffmann- 
Beam  process,  to  obtain  an  accurate  milk  analysis  in  a  very  few 
niinutes,  using  Richmond's  and  my  formula  for  the  calculation  of 
the  total  solids,  or  Richmond's  slide  rule. 

1  have  not  yet  had  time  to  investigate  the  exact  fationale  of  the 
niethod,  which  is  evidently  not  quite  as  simple  as  may  at  first  ap- 
P^r.  15  cc.  of  milk  are  taken,  3  cc.  of  a  mixture  of  equal  parts  of 
strong  hydrochloric  acid  and  of  fusel  oil  are  added,  and  then  strong 
sulfuric  acid  up  to  the  neck  of  the  little  bottle  belonging  to  the 
uiachine.  After  careful  mixing,  so  that  all  caseine  has  dissolved,  hot 
dilute  sulfuric  acid  is  added  up  to  the  /.ero  point  of  the  gradua- 
tion. Each  division  of  the  graduation  corresponds  to  0.15  cc.  or 
to 0.1  per  cent,  by  volume  of  fat.  The  figure  thus  t)l)taincd  is 
to  be  multiplied  by  0.86  ;  this  is,  however,  not  the  s|xx:ific  gravity 
of  the  butter  fat,  which  when  read  ofi"  is  but  little  above  its  melt- 

• 

^ug  point.     I  presume  the  figure  is  one  accertained  empirically, 
3s  the  fat.  after  separation  from  the  acid  liquor  beneath  it,  smells 
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strongly  of  fusel  oil,  and  is  evidently  not  pure  milk  fat,  but   a 
mixture. 

DISCUSSION. 

Mr.  Alfred  H.  Allen  thought  that  the  graduation  of  the  tubes 
was  based  on  the  fact  that  0.86  was  approximately  the  gravity  of 
milk  fat  at  100°  C,  but  with  a  substance  with  so  high  a  co- 
efficient of  expansion  as  butter  fat,  even  a  moderate  alteration 
in  the  temperature  would,  he  thought,  materially  affect  the  volume 
registered.  He  would  like  to  know  whether  Mr.  Hehner  had  made 
the  experiment  with  water  instead  of  milk,  and  if  so  whether  any 
fusel  oil  had  risen  to  the  top  of  the  liquid. 

The  President  replied  that  he  had  not  tried  the  experiment. 

Mr.  Allen,  continuing,  said  that  it  was  difficult  to  follow  the 
reasoning  which  led  to  the  adoption  of  an  arbitrary  process.  The 
inventor  began  by  taking  15  cc.  of  milk  ;  and  then  added  a  mix- 
ture of  hydrochloric  acid  and  fusel  oil.  He  presimied  the  acid  was 
used  to  obtain  the  fat  in  a  kind  of  emulsion,  and  on  then  adding 
sulfuric  acid  the  fusel  oil  was  dissolved  and  the  fat  readily  sepa- 
rated from  the  very  dense  liquid.  It  was  also  quite  clear  that  any 
centrifugal  apparatus  would  act  Ijetter  with  two  liquids  of  different 
densities,  than  if  they  possessed  nearly  the  same  density.  The 
inventor  could  scarcely  get  very  close  or  accurate  results,  unless 
he  paid  attention  to  the  temi^erature  at  which  he  measured  the  fat, 
which  could  be  very  easily  done  by  placing  the  tube  in  boiling  water 
Ijefore  observing  the  volume  of  the  fat.  The  process  described  was 
an  arbitrary  process  ;  but  if  it  was  really  butter  which  came  to  the 
top,  and  not  butter  fat,  pius  fusel  oil  (which  might  be  the  case),  it 
would  be  possible  to'  confirm  the  result  by  the  Werner-Schmidt 
process,  and  at  the  same  time  have  a  very  useful  preliminary  indi- 
cation of  the  amount  of  fat.  In  his  opinion,  the  centrifugal  plan 
ought  to  1^  capable  of  being  very  extensively  applied  for  the  sepa- 
tion  of  liquids,  and  had,  in  fact,  been  recentl}^  applied  to  that  pur- 
pose by  Mr.  Thorner. 

Mr.  H.  Droop  Richmond  pointed  out  that  if  the  factor  0.86  was 
probably  obtained  by  dividing  0.89,  the  density  of  butter  fat  at 
about  50°  or  60°  by  1.032  the  density  of  milk,  the  u.se  of  this  factor 
would  correct  volume  readings  to  weight  percentages.  He  thought 
that  the  error  cau.sed  by  the  contraction  of  the  fat,  owing  to  cool- 
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ing  would  be  practically  negligible  and  would  fall  within  the  un- 
avoidable experimental  error. 

Mr.  A.  \V.  Stokes  wished  to  ask  whether  the  President  had 
found  that  the  fat  rose  by  itself,  because  he  (Mr.  Stokes)  had  tried 
an  experiment  in  a  different  sized  glass,  and  he  had  found  that 
casein  rose  from  below  and  mixed  with  the  fat,  and  results  were 
difficult  to  read  off.     Could  the  fat  be  read  off  accuratel}*  ? 

Mr.  Woosnam  wished  to  ask  if  Mr.  Hehner  had  tried  leaving 
the  add  upon  the  milk  for  any  length  of  time,  to  see  if  it  had  then 
any  effect  upon  the  percentage  of  butter  fat ;  or  whether  in  order 
to  get  an  accurate  result,  it  was  ncccssar>'  to  proceed  at  once  with 
the  "whirling"  in  the  machine?  Were  there  any  black,  solid  par- 
ticles left  in  the  sulfuric  acid  mixture  ? 

Mr.  Hehner,  in  reply,  said  that  he  had  not  tried  the  experiment 
oflea\ing  the  acid  in  very  long,  because  he  had  found  from  the 
few  experiments  made,  that  it  was  more  satisfactory  to  perform 
the  experiments  at  high  temperature,  and  not  to  wait  till  the  ap- 
paratus cooled  down.  In  reply  to  the  question  asked  by  Mr. 
Stokes,  he  stated  that  if  the  experiment  were  properly  done,  there 
was  absolutely  no  emulsion  between  the  acid  and  the  fat. 

ON  THE  PROPORTION  OF  WATER  IN    BUTTER. ^:^ 

By  Ai.fkkd  H.  Arxr.N. 

A  good  deal  of  interest  is  attached  at  present  to  the  proportion 
of  water  which  may  be  properly  contained  in  butter,  in  consequence 
of  the  sudden  appearance  in  the  market  of  butters  containing  an 
unusually  large  percentage  of  water.  In  the  years  1877  and  1S78, 
^he  West  Riding  officials  submitted  to  nie  several  samples  of  Imt- 
^  which  were  found  on  analysis  to  contain  large  proportions  of 
^^ter.  Thus  I  certified  to  19.83,  22.24,  ^"^  25  per  cent,  respec- 
^^'%.  Action  was  taken  on  my  certificates  and  convictions  ob- 
^^ned.  Since  that  time  and  quite  recently,  of  the  thousands  of 
^mples  of  butter  which  have  passed  through  my  hands,  hardly 
3ny  have  contained  a  marked  exccess  of  wattr.  It  would  .scarcely 
have  escaped  notice  in  the  ordinary  process  of  preparing  the  hut- 
tw-fat,  and,  in  fact,  the  recent  cases  have  forced  themselves  on  my 
attention  during  the  ordinary  process  of  analysis,  there  being  no 
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previous  suspicion  that  an   abnormal   proportion   of  water  was 
present. 

The  first  case  among  those  of  recent  occurrence  was  that  of  a 
sample,  said  by  the  defense  to  be  Cork  butter,  churned  by  small 
farmers  from  the  produce  of  one  or  more  cows  each.  On  analysis, 
I  certified  it  to  contain  22  per  cent,  of  water,  the  amount  actually 
found  being  22.44  P^r  cent.,  and  added  that  **  In  my  opinion  any 
proportion  of  water  in  excess  of  16  per  cent,  as  a  maximum  should 
be  regarded  as  an  adulteration.'*  Without  any  evidence  being  ad- 
duced for  the  defense,  it  was  submitted  to  Somerest  House,  when 
Messrs.  Bell,  Bannister  and  Lewin  reported  that  **the  sample  of 
butter  referred  to  in  the  annexed  letter  was  received  here  on  the  9th 
inst.  (December),  securely  sealed.  We  have  analyzed  the  butter 
and  declare  that  it  contains  22.98  per  cent,  of  water.  We  are  of 
opinion  that  such  proportion  of  water  is  in  excess  to  the  extent,  of 
at  least  5  per  cent.*'  This  certificate  is  eminently  characteristic. 
It  states  the  minimum  adulteration  without  going  further  and  say- 
ing what  was  the  excess  of  water  above  the  average  proportion  in 
butter.  It  is  evident,  also,  that  it  fixes  the  Somerest  House  limit 
for  water  in  butter  at  18  per  cent.,  and  affords  one  more  illustra- 
tion of  the  perverse  custom  of  the  Somerest  House  Chemists  of 
straining  cver>'  point  in  favor  of  the  defense,  instead  of  occupying 
the  more  consistent  position  of  impartial  referees  of  the  Court. 

On  page  64,  ct  seq.^  of  his  work  on  '*Food,"  vol.  ii..  Dr.  James 
Bell  gives  results  of  the  analysis  of  113  samples  of  butter,  which 
he  says  were  selected  so  as  to  obtain,  as  far  as  possible,  fair  repre- 
sentative samples  of  butter  produced  under  different  conditions ; 
and  in  the  Report  of  the  Board  of  Inland  Revenue^  1876,  he  states 
that  '*  the  samples  nia)*  V)e  taken  as  fairly  representing  the  various 
qualities  of  butter  as  made  and  brought  to  market  by  farmers  both 
in  England  and  Ireland.  Every  care  was  exercised  by  the  Board's 
local  officers  in  procuring  them,  and  there  can  be  no  question 
whatever  as  to  their  being  genuine."  I  am  afraid  people  who  live 
in  the  rough  world,  outside  the  circle  of  Arcadian  simplicity  in 
which  Dr.  Bell  apparently  dwells,  will  be  inclined  to  think  that 
the  Irish  peasant-farmer  is  quite  capable  of  taking,  and  even  likely 
to  take,  a  wicked  delight  in  supplying  an  exciseman  with  an  ab- 
normal article.     Dr.  Bell's  remarkable  conclusion  further  presumes 
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that  no  farmer  introduces  an  excess  of  water  into  butter,  or  makes 
an  addition  of  foreign  fat.  This  assumption  is  strictly  opposed  to 
my  o^Ti  personal  knowledge  that  margarine  is,  and  has  for  3-ears 
past,  been  habitually  bought  by  dairy -farmers  for  incorporation 
in  the  {)utter  subsequently  made  and  brought  to  market.  He 
further  contends  that  butter  not  made  for  sale  must  necessarily  be 
genuine,  and  so  practically  extends  the  definition  of  ** genuine*' 
to  any  butter  which  has  passed  through  the  hands  of  a  careless  or 
incompetent  dair\'maid,  who  thereby  becomes  the  arbiter  of  qual- 
ity. But  Dr.  Beirs  more  recent  opinion,  as  laid  down  in  his  work 
on  "Food,"  vol.  ii.,  page  47,  is  that  ''a  ^i^rcatcr  amount  of  water 
in  buffer  than  12  per  cent,  is  mmecessarv,  so  far  as  attaining  a  j^ood 
appearance  is  concerned,  and  anythi7i(r  over  16  per  cent,  is  injurious 
io  the  keeping  qualities  of  t it e  butter.''  Clearly,  it  was  Dr.  Bell's 
opinion  at  the  time  he  published  his  seawid  volume  that  16  per 
cent,  is  the  maximum  limit  of  water  to  be  allowed  in  butter,  in 
which  opinion  I  cordially  concur,  but  in  the  modification  of  his 
opinion  for  the  guidance  of  local  magistrates,  who  expect  to  re- 
ceive from  him  impartial  advice,  he  fixes  the  limit  at  18  per  cent., 
and  omits  all  mention  of  either  the  average  or  maximum  propor- 
tion in  well-made  butter.  This  deplorable  omission,  which  is  con- 
sistent  with  the  usual  practice  of  the  Somerset  House  Chemists,  is 
of  course,  directly  conducive  to  adulteration. 

In  the  Article  on  ''Butter"  contributed  by  Dr.  Bell  toThoqK^'s 
Dictionary  of  Applied  Chemistry  (vol.  ii.,  page  300),  it  is  stated 
"^^t  "in  commercial  butters  the  water  has  been  found  to  varvfi'om 
4  to  about  18  per  cent."  Here,  therefore,  Dr.  Bell  abandons  his 
P^ition  that  the  exceptional  butters  included  in  his  113  commer- 
^al samples  were  ''genuine"  and  again  fixes  his  maximum  for 
^ater  at  "  about  iS  per  cent.,"  which  may  tliLTcTore  be  regarded 
^  the  present  Somerset  House  limit. 

There  has  lately  been  an  organized  and  systematic  attempt,  em- 
anating from  c*ertain  German  ports,  to  place  heavily -watered  but- 
ter on  the  English  market,  and  hence  public  analysts  should  be  on 
the  look  out  for  samples  of  butter  so  sophisticated. 

In  my  more  recent  certificates  on  watered  butter,  I  have  actually 
<iUoted  Dr.  Bell's  words,  giving  him  as  an  authority  for  the  state- 
ment that  "a  greater  amount  of  water  than  12  ix?r  cent,  is  unnec- 
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essary,  aud  anything  over  i6  per  cent,  injurious  to  the  keeping 
qualities  of  the  butter,*'  and  have  stated  my  agreemeut  with  that 
opinion.  Such  a  definite  course  as  this  is  desirable  in  the  face  of 
the  one-sided  certificates  issued  by  Somerset  House,  and  of  the  feet 
that  the  solicitor  for  a  defense  in  a  recent  case  actually  contended 
that  any  amount  of  water  in  butter  was  allowable,  seeing  that  the 
X/Cgislature  had  not  defined  the  amount,  **  finding  it  impracticable 
to  do  so."  Such  assertions  as  these  are  usually  made  in  the  ab- 
sence of  the  analyst,  and  if  he  becomes  aware  of  them,  it  is  only 
by  accident  and  when  the  case  is  at  an  end  ;  but  it  behooves  pub- 
lic analysts  to  correct  such  flagrant  misstatements  of  the  scope  and 
purpose  of  the  Sale  of  Food  and  Drugs  Act. 

In  1875,  the  Society  of  Public  Analysts  proposed  and  adopted  for 
butter  the  limit  of  80  per  cent,  for  butter-fat.  leaving  20  per  cent, 
for  salt,  curd  and  water.  I  think  this  is  a  perfectly  proper  limit, 
but  it  may  be  worth  while  to  restate  the  fact,  as  I  notice  that  at  a 
recent  convention  of  the  American  Association  of  Agricultural 
Chemists,  the  Society's  limit  was  erroneously  stated  to  be  85  per 
cent.* 

In  several  cases  since  the  one  referred  to  Somerest  House,  I  have 
met  with  upwards  of  20  per  cent,  of  water  in  butter,  and  proceed- 
ings have  l)een  taken  and  convictions  obtained  on  my  certificates. 
In  one  instance  the  proportion  of  water  reached  29  per  cent ! 

In  proceedings  recently  taken  on  my  certificate  for  the  sale  of 
butter  containing  2i|<i  per  cent,  of  water,  two  inspectors  from 
Cork  Butter  Market  were  witnesses  for  the  defense.  Their  evi- 
dence was  of  so  startling  and  novel  a  character  that  a  short  reference 
to  it  will  not  Ix?  out  of  place.  They  swore  that  they  examined  a  very 
large  number  of  samples  daily  ;  such  a  number  that  the  testing  of 
each  must  have  been  completed,  if  I  remember  their  figures  rightly, 
in  a  fraction  of  a  minute.  They  observed  the  taste,  smell,  color 
and  consistency  of  the  butter,  and  were  inclined  to  dispute  the 
analysis,  on  the  ground  that  butter  with  so  large  a  proportion  of 
water  would  not  have  escape<l  their  attention.  They  stated  that 
the  proportion  of  water  met  with  in  Irish  butter  sometimes  reached 
20  per  cent ;  but  it  did  not  appear  that  they  had  ever  actually  as- 

♦To  my  astonishment.  I  find  that  the  S.  P.  A.  limit  is  inc«rrectly  stated  at  S5  per  cent., 
in  v()l   ii.  of  my  "  Commcrcinl  Organic  Analysis."— A.  II.  A 
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certained  the  quantity  or  deputed  an  analyst  to  do  it  for  them. 
They,  however,  swore  that  any  abnormal  proportion  of  water  in 
the  sample  was  probably  due  to  the  weather  :  for  in  wet  weather 
the  food  of  the  cows  was  of  course  w-etter,  and  hence  the  butter 
contained  more  water  !  This  novel  and  highly  interesting  state- 
ment was  made  in  the  witness  box.  Further,  they  discriminated 
betu'een  ** water  in  solution"  and  "water  in  suspension,"  but 
which  of  thej>e  curious  forms  was  the  normal,  and  which  the  ab- 
nonnal  constituent  of  the  butter,  was  not  made  clear. 

I  find  the  proportion  of  water  in  butter  to  be  most  conveniently 
determined  by  placing  5  gms.  of  the  sample  in  a  small  tared 
beaker,  and  expo.sing  it  in  an  air-bath,  to  a  temix?rature  not  ex- 
ceeding 1 10^  C,  until  no  more  globules  of  water  can  be  observed 
on  looking  at  the  beaker  from  below.  Generally,  the  water  can 
be  completely  expelled  in  alwut  one  hour.  The  curd  and  salt  can 
be  subsequently  determined  in  the  same  quantity.  After  evapor- 
ating the  water,  the  fat  is  re-melted,  and  filtered  into  a  small 
beaker  kept  in  the  water-oven.  The  residual  matter  is  rinsed  on 
to  the  filter  with  re-distilled  i>etroleum  spirit,  and  washed  with  pe- 
troleum spirit  until  free  from  fat.  The  filter  is  then  dried  at  io<..)° 
C,  and  the  contents  scraped  off  and  weighed.  After  weighing, 
the  residue,  which  represents  the  curd  and  salt  of  the  butter,  may 
bt  examined  under  the  microscope  for  starch,  cellular  tissue,  ^:c., 
and  then,  if  desired,  treated  with  cold  water,  and  the  solution 
further  examined  or  titrated  with  standard  silver  solution  to  esti- 
Juateihe  salt.  Usually,  however,  it  is  sufficient  to  ignite  the  res- 
idue in  porcelain  at  a  low  temperature,  and  regard  the  non-volatile 
"tatter  as  salt,  the  combustible  as  curd. 

Some  butters  are  far  from  being  homogeneous,  anil  when  possi- 
We  it  is  preferable  to  work  on  25  or  50  gms.  rather  than  on 
smaller  quantities. 

DISCl'SSION. 

The  President  remarked  that  lately,  with  the  close  conii)etition 
J"  the  butter  trade,  when  5  ix-r  cent,  of  margarine  added  to  butler 
made  mixing  a  profitable  business,  the  attention  of  butter  mixers 
had  again  been  directed  to  the  addition  of  water.  As  Mr.  Allen 
had  said,  having  regard  to  the  systematic  manner  in  which  butter 
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Mr.  Stokes  expressed  his  readiness  to  read  a  paper  before  the 
Society  on  the  subject. 

Mr.  Allen  asked  Mr.  Stokes  if  he  would  at  once  explain  to  the 
Society  the  way  in  which  he  manipulated  with  the  microscope  in 
order  to  effect  this  desideratum. 

Mr.  Stokes  replied  that  he  took  a  butter,  just  as  it  came  to  him, 
and  scraped  a  large  surface  clear.  He  then  took  a  thin  layer  below 
this,  and  placed  it  on  an  ordinary  microscope  slide  ;  over  that  he 
placed  a  microscopic  cover-glass,  and  pressed  this  down,  so  that 
the  butter  formed  a  thin  wedge.  He  now  crossed  the  polarizing 
prisms  so  that  the  field  of  view  was  absolutely  dark.  On  placing 
the  slide  between  the  prisms,  if  there  was  a  trace  of  butterine  or 
margarine,  say  within  10  percent.,  at  once  a  glimpse  of  light  came 
through.  Badly  constructed  polariscopes  let  light  pass  without 
interposing  an  object,  and  are  useless  for  this  purpose.  In  case  of 
a  genuine  butter,  there  was  no  illumination  at  all.  He  had  never 
once  found  this  system  fail.  No  selenite  plate  should  be  used,  since 
its  results  are  often  delusive. 

Mr.  Allen  replying  generally  to  the  remarks  made,  said  that  the 
test  mentioned  by  Mr.  Stokes  had  quite  recently  appeard  in  a  trade 

I 

journal,  the  only  variation  being  that  in  that  paper  a  plate  of  sele- 
nite was  recommended,  which  he  did  not  gather  was  the  case  with 
the  method  described  by  Mr.  Stokes.  Since  that  event,  he  had 
fen  asked  by  butter  merchants  if  he  was  acquainted  with  the  test. 
He  had  replied  that  he  did  know  it,  but  that,  in  his  opinion,  it 
was  only  of  value  where  large  proportions  of  margarine  were  in 
question.  In  a  paper  recently  published  in  America,  it  was  pro- 
posed to  dissolve  the  butter  in  a  drop  of  oil,  and  examine  it. 
Since  the  appearance  of  the  article  he  had  just  referred  to,  he  had 
^ed  the  experiment,  and  he  had  found  marked  double  refraction 
^D  genuine  butters  ;  and  in  the  case  of  samples,  which  he  Mieved 
*o  contain  margarine  in  some  cases  he  found  double  refraction,  and 

* 

'n  others,  none.  This  caused  him  to  come  to  the  conclusion  that 
there  was  more  to  be  learnt  before  the  process  could  be  relied  on. 
He  would  like  to  indorse  what  the  President  had  said  with  re- 
^  to  the  undesirability  of  giving  analytical  data  in  the  case  of 
Iwitter  analyses.  He  contended  that  their  clients  had  absolulely 
no  right  to  demand  the  figures  on  which  they  based  their  opinion 
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as  to  the  presence  or  absence  of  margarine ;  and  he  had,  therefore, 
declined  in  recent  instances  to  give  them.  He  was  told  a  few  days 
before  the  meeting  that  a  letter  written  by  a  German  house,  con- 
tained the  statement  that  *'  Mr.  Allen  was  entirely  behind  the  age ; 
that  he  .should  use  the  Reichert  test,  and  he  would  arrive  at  the 
same  results  as  other  gentlemen.*'  Seeing  that  he  (Mr.  Allen) 
had  been  among  the  first  to  adopt  the  Reichert  distillation  process, 
and  recommended  it  to  his  brother  chemists  (AnalVvST,  x.,  103  ; 
xii.,  II  ;  xiv.,  5),  and  that  at  a  period  when  the  President  (Mr. 
Hehner),  doubted  its  value,  even  as  a  sorting  test,  this  allegation 
was  somewhat  wide  of  the  mark.  But  he  held  very  strongly  that 
an  opinion  on  butter  should  not  be  based  on  the  result  of  any  sin- 
gle te.st.  There  were  butters  now  in  the  market  which  were  very 
skilfully  adulterated,  and  it  was  only  by  the  combined  application 
of  .several  tests  that  the  fraud  could  be  di.scovered ;  in  fact,  to 
his  knowledge,  it  had  escaped  recognition  in  several  instances  of 
late.  Analysts  ought  to  be  very  careful  not  to  give  to  their  natural 
enemies,  the  adulterators,  information  respecting  the  methods  they 
employed  for  the  making  of  analyses.  The  discussions  at  the 
meetings  of  the  Society  were  extremely  valuable  ;  but  when  it  was 
known  that  The  Analyst  was  bought  reguarly  by  all  sorts  of 
people,  in  order  to  .see  what  could  be  done  by  analysts,  and  what 
could  not  be  done,  it  was  evidently  extremely  undesirable  to  let 
the  general  public  know  everything  they  were  doing. 

Mr.  Cassal  drew  attention  to  the  fact  that  a  note  had  appeared 
in  the  Times  on  the  adulteration  of  Normandy  butter  ;  and  that  it 
was  pointed  out  therein  that  science  failed  entirely  to  detect  cer- 
tain percentages  of  margarine  in  butter,  but  that  a  test  had  now 
been  devised,  which  was  all  that  could  be  desired,  and  which 
* 'could  be  applied  by  an  'inspector'  with  the  aid  of  a  boy."  He 
received  Mr.  Stokes'  statement  with  all  respect,  and  he  would 
look  forward  with  pleasure  to  the  further  information  he  had  prom- 
ised to  lay  before  the  Society.  He,  nevertheless,  entertained  con- 
siderable doubt  as  to  the  propriety  of  applying  microscopic  exam- 
ination as  the  sole  test  for  the  pas.sing  of  samples  of  butter. 
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THE  DETERMINATION  OF  CARBON  DIOXID  IN 
THE  AIR  OF  BUILDINGS. 

By  Arr.rsTfs  H.  Gill,  Ph.D. 

In  the  only  treatise  upon  air  analysis  in  the  English  language, 
the  method  given  for  the  determination  of  carton  dioxid  admits 
of  no  great  accuracy,  as  results  varying  6  per  cent,  from  an  average, 
and  10  per  cent,  among  themselves,  would  indicate.  The  writer 
recommends  the  following  method,  which  has  been  in  use  in  the 
laborator>'  in  almost  the  present  form  for  fifteen  years. 

Both  methods  are  those  of  Pettenkofer,*  which  consists  in 
Wnging  a  large  known  volume  of  air  in  contact  with  standard 
karium  hydrate. 

The  bottles  used  for  containing  the  samples  are  ordinary  green 
glass  gallon  or  two  gallon  bottles,  holding  4400  or  8800  cc.  re- 
spectively; they  are  calibrated  with  water,  by  weighing  up<jn 
scales  sensitive  to  5  gms.,  and  their  capacity  marked  upon  them 
'■Jth  a  diamond.  They  may  be  conveniently  transix:)rted  from 
place  to  place  in  a  partitioned  basket  made  for  the  pur|x>se. 

The  bellows  there  suggested  (wooden  disks  joined  by  a  strip  of 
^bber,  with  no  valves)  was  found  troublesome  to  manipulate,  and 
has  given  way  to  one  about  to  be  described.  The  nozzle  of  an 
binary  9  inch  blacksmith  bellows  is  removed  and  the  opening 
fitted  with  a  valve  opening  outward  ;  this  is  made  by  tying  a  bit 
of  chamois  skin  over  a  cork  which  fits  over  a  tulx?  passing  into 
^ne nozzle  opening.  By  varying  the  position  of  thu  cork,  dilTerent 
^^greesof  tightness  of  valve  are  attained.  To  the  other  oiK-ning 
of  the  bellows,  closed  with  its  usual  valve,  is  fitted  a  cork  carrying 
a  four-foot  piece  of  58  inch  rubber  tubing  terminating  in  a  light 

'Annalcn.  2,  Supp.  DaiuI.  p.  i. 


364  CARBON    DIOXID    IN   AIR. 

two-foot  brass  tube,  bent  for  insertion  into  the  bottles.  Instead 
of  the  bellows,  a  small  6  inch  fan  blower,  the  driving  parts  of 
which  are  connected  by  rubber  bands  to  render  it  noiseless,  can  be 
used  if  it  is  desired  to  decrease  the  bulk  of  the  apparatus. 

The  bottle  is  fitted  with  a  rubber  stopper,  carrying  a  glass  tube, 
closed  by  a  small  unperforated  rubber  nipple ;  both  the  stopper  and 
nipple  have  been  digested  with  caustic  potash  and  thoroughly 
washed  to  remove  the  superficial  zinc  oxid. 

The  air  to  be  tested  is  drawn  into  the  bottle  by  means  of  the 
bellows,  fifteen  strokes  being  taken,  sufficing  to  fill  a  four  liter  bot- 
tle four  times,  thus  insuring  a  representative  sample.  In  collect- 
ing this  sample  the  atmosphere  in  the  room  should  be  as  quiet  as 
possible  ;  care  must  be  exercised  to  avoid  the  drafts  or  the  proxi- 
mity of  people. 

When  used  the  bottles  should  be  clean  and  dry ;  by  clean  is  under- 
stood containing  nothing  to  affect  the  barium  hydrate  used.  When 
wet  the  standard  barium  hydrate  is  diluted,  and  as  the  whole  of  it 
is  not  used,  the  determination  is  lost,  unless  the  amount  of  water 
present  be  accurately  known. 

The  operation  of  drying  the  bottles  is  by  no  means  as  troublesome 
as  it  would  appear.  A  small  closet  heated  by  steam  and  provided 
with  suction,  enabling  a  current  of  hot  air  to  be  drawn  into  the 
bottles,  suffices  to  dry  a  dozen  bottles  in  half  an  hour.  The  sam- 
ples are  brought  into  the  laboratory,  the  temperature  of  which 
should  be  a  little  higher  than  that  of  the  place  where  they  were 
taken,  and  allowed  to  stand  half  an  hour,  or  until  they  have  attained 
its  temperature. 

50  cc.  of  the  standard  barium  hydrate  are  now  run  in  rapidly 
from  a  burette  (the  tip  passing  entirely  through  the  tube  in  the 
stopper),  the  nipple  replaced,  and  the  solution  spread  completely 
over  the  sides  of  the  bottle  while  waiting  three  minutes  for  the 
draining  of  the  burette,  before  reading,  unless  it  be  graduated  to 
deliver  50  cc.  The  bottle  is  now  placed  upon  its  side,  and  shaken 
at  intervals  for  40-60  minutes,  taking  care  that  the  whole  surface 
of  the  bottle  is  moistened  with  the  solution  each  time.  The  time 
of  absorption,  ten  minutes,  recommended  in  the  treatise,  is  much 
too  short,  as  the  disappearance  of  the  last  traces  of  carbon  dioxid 
is  very  slow  indeed,  half  an  hour  in  many  cases  being  insufficient. 
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At  the  time  at  which  the  barium  hydrate  is  added,  the  tempera- 
ture and  pressure  should  be  noted.    At  the  end  of  the  above  period, 
shake  well   to   insure  homogeneity  of  the  solution,  remove  the 
cap  from  the  tube,  and  invert  the  large  bottle  quickly  over  a  50  cc. 
glass  stoppered  bottle,  so  that  the  solution  shall  come  in  contact 
with  the  air  as  little  as  possible.     Without  waiting  for  the  bottle 
to  drain,  withdraw  a   portion  of  15  or  25   cc.  with   a   narrow 
stemmed  spherical  bulbed  pipette  and  titrate  with  sulfuric  acid* 
(1  cc.  equals  i  mgm.  CO,)  using  rosolic  acid  as  an  indicator.    The 
fitference  between  the  number  of  cubic  centimeters  of  standard 
arid  required  to  neutralize  the  amount  of  barium  hydrate  (^'.j?'.,  50 
cc.)  before  and  after  absorption,  gives  the  number  of  milligrams  of 
carbon  dioxid  present  in  the  bottle. 

This  is  expressed  in  cubic  centimeters  under  standard  conditions, 
and  divided  by  the  capacity  of  the  bottle  under  standard  conditions, 
and  the  results  reported  in  parts  per  10,000.  To  reduce  the  air  in 
the  bottle  to  standard  conditions,  a  hygrometric  measurement  of 
the  air  in  the  room  from  which  the  sample  was  taken,  is  necessary. 
This  in  ordinary  cases  is  usually  omitted,  as  the  object  of  the  in- 
vestigation is  comparative  results,  as  regards  the  efficiency  of  ven- 
tilation, and  the  rooms  in  the  same  building  would  not  vary  appre- 
^bly  in  the  amount  of  moisture  in  the  atmosphere.  This  cor- 
^^ion  may  make  a  difference  of  about  0.15  parts  per  10,000. 

Some  of  the  results  obtained  by  our  students  by  the  preceding 
method  are  as  follows  : 

Expressed  in  parts  of  CC\  per  10,000. 


**>»  No.  24.     No.  43. 

No.  37. 

No.  34. 

No.  34. 

No.  23. 

Outside  Air. 

5.54              7.34 

4.94 

5- 16 

5.53 

4-54 

3.13 

5.59              7.27 

4.89 

5.12 

5.52 

4.46 

3-09 

The  subjoined  results  are  interesting  as  showing  rate  of  vitiation 
°lthe  air  in  a  well-ventilated  lecture  room.  It  is  15  feet  high, 
having  a  capacity  of  24,000  cubic  feet,  and  supplied  with  185,000 
^'^t  of  air  per  hour,  from  three  flues  ;  225  students  were  present. 

.  "Snlfaric  acid,  in  distinction  to  oxalic  ai:ifl.  enables  cme  to  estimate  tlic  excess  of  bar- 
^^,  hjwlrate  in  presence  of  the  suspended  barium  carl>onate,  ami  also  of  caustic  alkali, 
'flich  is  a  frequent  impurity  of  commercial  barium  hydrate.  PrDfosor  Johnson,  in  the 
**CTican  edition  o^  Freseniuf  Quantitative  Analysis,  calls  attention  to  the  fact  that  the 
•Woal  alkaline  oxalates  decompose  the  alkaline  earth  carbonates,  so  that  the  reaction 
^ioues  alkaline  if  the  least  trace  of  M>da  or  potash  be  present.  The  sulfuric  acid  may 
•* prepared  by  diluting  46.,^!  cc.  normal  sulfuric  acid  to  a  liter. 
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and  the  volume  made  up  to  500  cc.  with  cold,  boiled  water,  and 
titrated  with  the  above  potassium  permanganate  solution. 

Four  samples  of  the  same  twenty  pound  lot  of  zinc  required  32.8 
^■>  32-7/4  cc.,  32.7^2  cc,  and  32.8  cc.,  showing  that  the  5  gms. 
of  zinc  required  on  an  average  0.275  cc.  potassium  permanganate 
solution,  or  since  about  10  gms.  is  consumed  per  determination  of 
phosphorus,  2  X 0.275  -=0.550  cc.  should  be  subtracted  from  the 
reading  of  the  burette  before  the  per  cent,  phosphorus  is  calcu- 
lated, and  we  see  with  a  solution  of  above  strength 

0.550  X  o.oooi        0.000055 

== — -  0.00 1 1  per  cent. 

5  5 

that  where  5  gms.  of  sample  is  operated  upon  the  percentage  of 
phosphorus  would  be  too  high  by  o.ooi  i  percent,  were  this  correc- 
tion not  made.  Other  specimens  of  zinc  have  been  treated  with 
equal  success  in  obtaining  the  correction.  The  same  modus 
operandi  may  serve  to  find  the  iron  correction,  and  it  would  seem 
that  by  carefully  oxidizing  0.2  gm.  wire  in  solution  in  sulfuric 
acid  and  passing  through  the  Jones*  Reductor  that  the  increase  in 
amount  of  potassium  permanganate  solution  required,  above  that 
i^uired  in  another  0.2  gm.  portion  dissolved  in  the  ferrous  con- 
dition would  yield  a  valuable  correction  for  the  reductor,  especially 
when  care  is  used  to  preserve  about  the  same  amount  of  free  acid 
JD  all  samples  passing  the  reductor. 

The  following  are  some  results  by  Dr.  Brown's  method,  using 
this  correction,  compared  with  the  magnesia  method  : 

Magnesia.  Drown. 

Common  Muck  Bar 274  per  cent.  .272  per  cent. 

" 112        '*  .114 

Bessemer  Iron 045        *'  .046 

••      los        ••  .106 

Billet 088       *•  .08S 


Special  Muck  Bar 018       "  .019 


t< 


" 012        *'  .011 

" 008       •*  .006 

"        *' 010       "  .012 

Volumetrically 
with  Zn. 


Chandler  Ore  with  Residue  .      .044        "  .043 

Angeline  Hard on        "  .012 

Laboratory  op 
Stewart  Iron  Company,  Limited. 
Sharon,  Pa.,  July  25,  1892. 


THE  ANALYSIS  OF  ARTIFICIAL  COLORING 

MATTERS. 

By  Louis  Joseph  Matos,  M.B. 

It  is  proposed  to  detail  in  the  present  paper  the  methods  fol- 
lowed in  the  laboratory  of  a  large  textile  establishment,  for  the 
examination  of  the  artiOcial  cx)loring  matters.  As  is  well  known, 
very  large  quantities  of  these  colors  are  imported  into  the  United 
States,  and  eventually  find  their  way,  through  sales  agents  or 
otherwise,  to  the  consumers,  very  few  of  the  latter  buying  directly 
from  the  manufacturer.  These  colors  are  produced  at  the  man- 
ufactory, ordinarily  in  crj'Stalline  form,  some,  however,  being  ob- 
tained in  crusts  or  cakes,  and  others  still,  in  the  form  of  flocculent 
precipitates ;  except  in  ver>'  few  instances  are  the  products  put 
upon  the  market  in  the  condition  that  they  are  obtained  at  the 
works.  They  are  mostly  ground  to  a  fine  powder  and  mixed  with 
varying  quantities  of  inert  subtances,  such  as  anhydrous  sulfate 
of  soda,  sulfate  of  magnesia,  chlorid  of  sodium  ;  in  some  cases, 
carbonates,  starches  of  various  kinds,  flour,  dextrin,  etc.,  The 
thought  must  not  be  entertained  that  these  subtances  are  adulter- 
ants in  the  ordinary  sense ;  they  are  added  for  the  purpose  of 
dibit inp^  the  intense  color  which  the  factory  product  possesses,  for 
if  such  was  not  done,  it  would  be  very  difficult  for  a  dyer  to  judge 
the  amount  of  dye  he  requires  to  produce  a  certain  desired  effect. 
Different  coal-tar  colors  require  different  amounts  of  diluents ; 
some  are  mixed  with  twenty-five,  or  fifty  per  cent.,  and  in  several 
instances  the  commercial  dye  contains  only  ten  per  cent,  of  real 
coloring  matter.  Starches,  in  the  dilution  of  this  class  of  colors, 
play,  also  a  secondary  part ;  it  is  well  known  that  many  of  the 
tar  coloring  matters,  notably,  some  of  the  alkali  salts,  are  extremely 
deliquescent,  and  to  them  is  added  the  starch,  which  acts  as  an 
absorbent  of  moisture,  and  tends  to  keep  the  dye  dry  and  in  a 
powder,  acting  in  the  same  manner  as  when  it  is  added  to  a  baking- 
powder,  prevents  caking.  When  these  .substances  are  added 
in  definite  proportions,  and  for  the  above  purposes,  they  cannot 
be  looked  upon  as  true  adulterants,  and  when  their  percentage 
does  not  sensibly  vary  in  succeeding  lots  of  dye  purchased,  they 
ought  to  be  passed.  True  adulterants  have  been  met  with  in  the 
form  of  sand,  iron-filings,  plaster,  etc.,  but  only  in  rare  cases. 


ANALYSIS   OF   ARTIFICIAL  COLORING    MATTERS.  369 

The  chemist  of  a  textile  establishment  ought  to  be  independent 
of  the  dyer,  in  so  far  as  relates  to  the  application  of  colors  upon 
febrics,  but  he  should  be  thoroughly  familiar  with  the  general 
methods  of  dyeing,  and  what  is  verj^  important,  the  compatibility 
of  colors.  In  many  cases  the  dyer  uses  his  own  judgment  in  the 
mixing  of  individual  colors,  with  the  result  that  the  goods  are 
streaky,  spotted,  etc.,  and  rather  than  acknowledge  that  the  fault 
is  due  to  his  lack  of  knowledge  of  the  properties  of  the  dyes  used, 
condemns  the  colors  off-hand,  or  tries  again  with  another  set.  The 
young  textile  chemist  cannot  spend  too  much  time  in  determining 
by  actual  laboratory  work,  upon  small  quantities  of  material  and 
fabric,  and  under  varying  conditions,  the  compatibility  of  colors, 
and  also  the  general  capabilities  of  each  color. 

The  laboratory  is  provided  with  a  large  number  of  four  ounce 
bottles  for  '*  check  samples,'*  and  when  new  lots  of  dyes  come  in, 
the  cans  are  opened,  and  about  three  or  four  ounces  of  substance 
are  removed  from  each,  carefully  but  rapidly  mixed,  and  the 
sample  bottle  filled.  This  furnishes  an  average  sample,  and  is 
labeled: 


Name  of  Dye 

Received  from 

Date Lab.  No. 

Remark 


^^iermination  of  Moisture. — For  this,  one  to  three  gms.  of  the 
^yc  are  weighed  out  in  a  tared  porcelain  dish,  about  two  inches 
^diameter,  and  heated  at  a  temjxirature  of  100°  C.  to  105°  C.  in 
an  air  bath  ;  the  air  bath  is  made  of  heavy  copper,  with  a  double 
bottom,  and  is  large  enough  to  accommodate  from  twelve  to 
ttghteen  dishes.  The  dishes  are  allowed  to  cool  and  weighed, 
neated  and  weighed  again,  or  until  the  weight  is  constant.  The 
loss  is  reported  as  moisture.  During  the  drying  it  is  often  con- 
^'enient  to  place  over  the  dishes  circular  pieces  of  plain  white 
paper,  and  note  from  time  to  time  the  volatility  of  the  color. 
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Insoluble  Afaiier, — The  contents  of  the  dish  from  the  moisture 
determination  are  taken  and  dissolved  in  a  little  hot  water,  trans- 
ferred to  a  convenient-sized  beaker,  diluted  with  water,  allowed  to 
stand  for  a  while,  decanted  through  a  smtUl  tared  filter,  finally 
bringing  the  sediment  on,  and  washing  Until  no  color  remains. 
Dry  as  usual  and  weigh.  In  dissolving  the  dye  for  this  deter- 
mination note  particularly  any  odor  of  dextrin,  which  will  be 
apparent  if  that  substance  is  present. 

Chlorid  of  Sodium. — As  many  coal-tar  colors  contain  chlorin  in 
combination,  the  direct  addition  of  nitrate  of  silver  is  inadmis- 
sible. For  the  determination  of  salt,  an  indirect  method  gives 
very  good  results.  A  weighed  quantity  of  the  dye  (about  two 
grams)  is  ignited  in  a  capacious  porcelain  crucible,  the  ash  heated 
with  boiling  water,  filtered  from  insoluble  matter,  nitric  add  added, 
and  the  precipitation  proceeded  with  in  the  usual  manner.  The 
use  of  a  large  crucible  for  the  ignition  is  necessary  from  the  fact 
that  a  large  number  of  the  tar  colors  swell  up  to  many  times  the 
original  volume  upon  the  application  of  heat.  The  precipitate  is 
filtered,  washed,  dried,  etc.,  and  from  the  chlorin  found,  the 
amount  of  salt  is  calculated.  In  some  cases,  the  writer  has  ob- 
tained good  results  with  the  following  method  :  A  known  weight 
of  the  dye  is  dissolved  in  water,  sulfuric  acid  added,  and  all 
the  color  removed  from  the  solution  by  the  repeated  agitation 
with  ether  in  a  separatory  funnel.  The  chlorin  is  precipitated  in 
the  usual  manner  from  the  colorless  aqueous  solution  remaining. 

Sulfate  of  Soda, — ^This  is  always  determined  from  the  amount 
of  barium  sulfate  obtained  by  ordinary  precipitation  from  a  hydro- 
chloric acid  solution.  In  the  event  of  the  dye  being  a  sulfonated 
product,  it  is  necessary  to  precipitate  with  barium  chlorid  in  hot 
solution,  in  which  case  barium  sulfate  and  barium  sulfonate  are 
thrown  down  together,  filter,  wash  well  with  water,  and  while  on 
the  filter,  treat  with  a  solution  of  ammonium  carbonate.  This 
converts  the  barium  sulfonate  to  carbonate,  and  is  easily  removed 
by  the  addition  of  dilute  hydrochloric  acid.  The  residue,  if  any, 
will  be  the  sulfate.     Wash,  dr>'  and  ignite. 

Sulfate  of  Ma^i:[7iesla. — Whenever  magnesia  is  found  in  a  dye, 
upon  qualitative  examination,  adulteration  is  assured  in  the  sense 
previously  mentioned,  l)ecause  magnesia  is  never  a  chemical  con- 
stituent  of  tar   colors.     It   is  estimated  by  direct  determination 
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in  the  ash,  by  dissolving  in  dilute  hydrochloric  acid,  filtering,  and 
to  the  filtrate  adding  ammonium  chlorid  and  hydroxid  to  percept- 
ible odor,  followed  with  sodium  ammonium  phosphate,  and 
allowing  to  stand.  The  precipitate  is  weighed  as  magnesium 
pyrophosphate  (Mg,P,0,). 

Dye-stuffs  containing  sulfate  of  magnesia  do  not  mix  well  with 
some  dyes  which  are  used  for  printing  goods  to  be  subjected  to 
the  steaming  process  for  fixing  colors. 

Carbonates, — ^The  safest  way  to  determine  these  substances  is  to 
use  a  carbonic  acid  apparatus.  The  form  the  writer  has  always 
found  most  convenient  is  Dr.  Wetherill's  ;  whatever  form  is  used, 
it  should  be  light  in  weight. 

Dextrin, — If  its  presence  is  betrayed  as  previously  mentioned, 
weigh  out  two  to  four  gms.  of  the  dye  in  a  small  tared  beaker 
with  a  short  rod,  dissolve  in  a  small  volume  of  water,  and  add  a 
small  quantity  of  absolute  alcohol,  when  the  dextrin  will  be  pre- 
cipitated and  tenaceously  adhere  to  side  of  the  beaker  and  rod, 
allow  to  stand  awhile,  pour  out  carefully,  wash  with  alcohol  several 
times,  dry  and  weigh.  Any  insoluble  matter  present  \vill  be  en- 
closed with  the  precipitated  dextrin  ;  the  weight  of  the  insoluble 
niatter  found  in  the  first  instance,  must  be  subtracted  from  the 
combined  weight  in  this  case,  to  obtain  the  true  weight  of  the 
^xtrin. 

Starch, — This  substance  is  insoluble,  and  by  weighing  a  quan- 
%  of  the  dye,  dissolving  in  water,  starch  will  remain  with  other 

■ 

insoluble  matter,  by  filtering,  washing,  drying  and  weighing,  the 
total  insoluble  matter  is  obtained,  and  by  igniting  this  dried  resi- 
^oe,  and  weighing,  the  combustible  part  can  be  reported  as  starch 
or  flour,  of  course,  based  upon  a  microscopic  examination  of  the 
sediment  obtained  by  allowing  some  of  the  dissolved  dye  to  stand 
^  a  conical  test-glass.  Recourse  should  always  be  had  to  the  use 
^  the  solution  of  iodin,  and  iodid  of  potassium  when   testing, 

■ 

niicroscopically,  for  starch. 

Sugar, — Sugar  is  occassionally  met  with  in  crystalline  dyes 
o%-  It  can  be  estimated  in  the  same  manner  as  for  dextrin, 
with  fair  results  when  rapidity  is  desired,  or  accurately,  by  pre- 
^Pitating  the  coloring  matter  from  a  weighed  (juanlity  of  dye, 
^th  basic  lead  acetate,  and  polarizing,  or  by  inversion  and  titra- 
tion with  Fehling's  solution. 


COMPARISON  OF  METHODS  FOR  THE  STANDARDIZA- 
TION OF  ACID  AND  ALKALINE  SOLUTIONS. 

By  Chaklks  L.  Parsons. 

Owing  to  the  recent  interest  in  methods  for  the  accurate  de- 
termination of  the  strength  of  alkalimctric  and  acidimetric  solu- 
tions, made  manifest  by  numerous  published  papers  and  discussions, 
and  to  the  undoubted  importance  of  the  subject,  I  have  made  many 
analyses  by  the  more  important  methods  in  order  to  compare 
results. 

Three  solutions  were  prepared  ;  one  of  hydrochloric  acid  about 
fifth  normal,  and  one  each  of  ammonia  and  barium  hydroxid  of 
approximately  tenth  normal  strength.  These  are  the  solutions 
commonly  used  in  this  country.  They  were  made  from  pure 
chemicals  and  were  protected  from  addition  of  moisture  and  of 
carbon  dioxid  where  necessar>\ 

The  ammonia  and  barium  hydroxid  solutions  were  purposely 
made  so  that  two  cubic  centimeters  of  either  should  exactly  equal 
one  of  the  hydrochloric  acid. 

The  strength  of  the  ammonia  was  determined  directly  by  means 
of  ammonium  platinic  chlorid,  by  potassium  tetroxalate,  and  by 
acid  potassium  tartrate.  Portions  of  the  barium  hydroxid  solu- 
tion were  precipitated  as  barium  sulfate  or  were  titrated  against 
potassium  tetroxalate.  The  strength  of  the  hydrochloric  acid 
was  ascertained  ;  by  titration  against  ammonia  distilled  from  a 
known  amount  of  ammonium  chlorid ;  by  pure,  transparent  and 
colorless  Iceland  spar  ;  and  by  precipitation  as  silver  chlorid. 

The  remainder  of  the  results  given  are.  of  course,  obtained  by 
comparison  of  the  solutions,  but  are  none  the  less  important  and 
accurate.  I^ck  of  time  and,  for  the  time  being,  inefficient  bat- 
teries prevented  my  working  with  the  copper  sulfate  method  of 
Hart  &  Croasdale,*  and  I  realize  this  to  be  a  serious  omission, 
which  circumstances  rendered  unavoidable. 

The  indicators  used  were  for  each  case  those  which  in  mv  ex- 
perience  have  proven  to  be  the  best. 

The  following  are  the  results  obtained  : 

*J.  Anal.  Appl.  Chem.  4,  424. 
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Standardization  of  HCl  NH^  and  Ba{pH^  Solutions 

by  Different  Reagents, 

I  cc.  HCl  solution  =  2  cc.  NH3  solution. 
I  cc.  HCl  solution  --  2  cc.  Ba(OH),  solution. 


METHOD. 
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By  precipitation  as  (NH^^jPtCle 1  .001545  .0066341 

^  neutralization  with  HKCaO^HjCjO^  ^    j 

2H,0 'Litmus       .001560  .006698 

By  neutralization  with  KHC4H4OS    .    .    .'Litmus     '  .001564  .006716 

By  precipitation  as  AgCl i.001558  .006679  .007822 

By  pure  pulverized  Iceland  Spar      .    .    .  Cochineal  .001567  .006728  .007880 
^distillation  of  NH,  from  NH^Cl  .    .   .  iCochineal  .001563  .0067 17. 007866 

By  precipitation  as  BaS04 1  ,  .006676  .007820 

By  HKCjO^HjCjO* -^  2H,0 '  Phenol-  I  .006722  .007875 

Iphthalein'  1  . 


The  potassium  tetroxalate  was  prepared  by  myself  from  K,COj, 
and  H^CjO^  and  was  recr>'stallized  six  times,  being  washed  once 
with  distilled  water  by  decantation  after  each  crystallization. 

The  acid  potassium  tartrate  was  prepared  by  myself  from  the 
purest  cream  of  tartar  obtainable,  was  heated  with  HCl,  washed 
and  cr>stallized  according  to  directions  of  Dr.  Bonitrager  (Ztschr. 
*fffl/.  Chem,  81,  56),  and  was  further  recrystallized  three  times, 
^  the  directions  given  did  not  prove  sufficient  in  my  hands  to 
S^veapuresalt.* 

A  glance  at  the  above  table  indicates  one  general  feature,  which 

• 

^  that  in  every  case  the  figures  obtained  by  gravimetric  methods 
are  lower  than  those  obtained  by  the  volumetric.  This  is  probably 
^hat  would  be  generally  ex|)ected ;  for,  of  the  two,  the  tendency 
toward  loss  of  substance  and  consequently  lower  results  is  certainly 
^ore  for  methods  involving  the  manipulation  incident  to  gravi- 
metric ones.  The  results  are,  however,  on  the  whole  good.  Those 
obtained  by  silver  chlorid  and  barium  sulfate  agree  closeh',  and 
the  lower  result  obtained  by  ammonium  platinic  chlorid  is  easily 
accounted  for  by  the  comparatively  high  solubility  of  the  salt.     I 

'Sec  second  article  followin]?. 
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have  no  hesitancy,  when  convenience  is  also  taken  into  considera- 
tion, in  placing  the  determination  as  silver  chlorid  at  the  head  of 
gravimetric  methods. 

With  volumetric  methods  the  case  is  somewhat  different.  The 
absohite  composition  and  purity  of  the  salt  used  as  a  standard  and 
its  efflorescent  and  deliquescent  properties  become  of  the  greatest 
importance.  No  substance  whose  accurate  composition  cannot  be 
definitely  known  at  any  time  can  be  used.  I  will  take  up  each 
method  by  itself. 

By  distillation  of  ammonia  from  an  alkaline  solution  of  ammo- 
nium chlorid  results  seem  to  be  invariably  high  while  still  agree- 
ing fairly  well  with  other  methods.  This  is  the  general  testimony 
of  chemists,  and  the  reason  may  probably  be  ascribed  to  impuri- 
ties in  the  so  called  chemically  pure  salt.  Higher  results  still  are 
obtained  after  all  precautions  are  taken.  The  reaction  obtained 
with  cochineal  is  of  course  sharp,  and  duplicates  generally  agree 
closely. 

The  Iceland  spar  used  was  transparent  and  colorless,  was  finely 
pulverized,  and  dried  for  several  hours  at  ioo°.  The  results  here 
are  also  .slightly  high,  but  the  tendency  is  also  toward  high  re- 
sults, not  only  on  account  of  the  danger  of  the  presence  of  minute 
quantities  of  carbon  dioxid,  not  removed  by  boiling,  but  from  the 
fact  that  the  titration  is  carried  from  acid  to  alkaline  reaction  and 
calculations  made  directly  on  acid.  The  one  or  two  extra  drops 
of  alkali  required  to  show"  alkaline  over  acid  color  easily  account 
for  most  of  the  increase.  Unless  the  mineral  is  very  finely  pulver- 
ized, it  dissolves  but  slowly  in  the  very  weak  acid. 

The  results  obtained  by  acid  potassium  tartrate  were  near  the 
average  after  the  salt  was  obtained  pure.  The  preparation  of  the 
.salt  is,  however,  tedious  on  account  of  its  extreme  insolubility, 
and  the  tendency  is  to  be  too  acid,  and  consequently  to  give  low 
results.*  The  chief  difficulty  encountered,  however,  was  my  ina- 
bility to  find  an  indicator  except  phenol-phthalein,  whose  reaction 
should  Ixi  as  definite  as  desired  in  its  presence.  It  was  found  nec- 
essary for  accurate  work  to  average  several  analyses.  Four  or 
five  drops  of  decinormal  ammonia  solution  were  generally  necessar>' 
to  show  certain  color  in  either  direction.     The  salt  does  not  con- 
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ain  water  of  crystallization,  and  may  be  dried  at  the  temperature 
>f  boiling  water. 

The  determinations  made  by  the  aid  of  potassium  tetroxalate  are 

ahuost  exactly  the  average  of  all  results,  both  gravimetric  and 

volumetric,  and  are,  in  my  opinion,  the  most  accurate.     I  shall 

attempt  to  show  in  the  following  paper  that  the  salt  is  easily  and 

definitely  prepared,  and  that  the  chief  objection  raised  against  it, 

viz.,  that  it  contains  water  of  crystallization,  is  in  this  case,  at 

feast,  inoperative.     Its  reaction  with  litmus  is  decidedly  sharp  for 

an  organic  salt,  and   most  excellent  duplicates  are  easily  and 

quickly  obtained.     The  fact  that  much  of  the  tetroxalate  on  the 

market  is  a  mixture  of  the  tetra  and  normal  oxalate,  and  that 

before  recrystallization  many  have  not  first  added  excess  of  oxalic 

acid  does,  to  my  mind,  account  for  the  recent  disrepute  in  which 

the  salt  has  apparently  fallen. 


POTASSIUM  TETROXALATE. 

By  Charles  L.  Parsons. 

The  following  set  of  analyses  was  undertaken  to  find  out,  if 
possible,  the  reason  why  potassium  tetroxalate  has  failed  to  give 
good  results  in  the  hands  of  many  chemists  as  a  standard  for 
alkalimetric  work  while  it  has  been  held  by  others  to  give  perfect 
satisfaction. 

In  order  to  study  commercial  samples,  an  order  was  sent  to  six 
different  firms  for  one  ounce  of  their  best  tetroxalate  and  part  of 
^^  firms  were  asked  to  send  one  ounce  of  each  make  they  had  in 
*^^k.  giving  manufacturers'  names.  The  results  on  the  samples 
''^ived  with  a  few  samples  from  other  sources  are  given  in  the 
following  table : 

Potassiu m  Teh'oxala  te. 

Comparison  of  different  makes,  keeping  qualities,  hygroscop- 
Jcit)'  recrystallization,  etc. 

Litmus,  prepared  according  to  Sutton,  having  been  found  to  be 
the  best  indicator,  was  used. 

I  «^.  NH,  solution  :=  .001558  by  comparison  with  IICl  by  AgCl. 
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la  I  Mr.  Van  Slyke*     I  Baker  &A(1biiisoiii  As  received. 
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;  Bimer  &  Amend  '  Eimer  &  Amend  ]  Recry stall ized  3  times  in,.o<:>i574t 
;                               '  September,  i88g,  witli 

I  I      excess  of  oxalic  acid.l 
I  Not  dried  for  3  years' 

'  '     8  months. 


.  L 


.001575 


Madeinoarl^boJRecryatalliMd   3  times.:  .001565 
I  ratory  from  K,COrf      Dried  over  H^,.         | 
and  H,C,0,.  |  | 

Made  in  onr  Labo-  Recrystallized    6   times.'  .001561 
I  ratory  from  K,CO,'      Dned  over  H^,. 
I  and  H,C,0,.  I 


5  I  Ricliards  &  Co.     I  B.  Merck 
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i    J.W.Q 
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.  Henry  Heil  &  Co.'  E.  Merck 
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.001572 
.001571 
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.001563 
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a.   Character  of  samples  on  the  market. 

An  examiuation  of  the  above  figures  shows  at  once  that,  while 
potassium  tetroxalate  is  obtainable  of  a  fair  degree  of  purity,  the 
chemical  market  cannot  in  this  case,  as  in  many  others,  be  de- 
pended upon  to  furnish  a  strictly  chemically  pure  salt.  In  discuss- 
ing the  subject,  I  shall  take  the  result  under  3^  as  a  standard, 
believing  it  to  be  more  accurate  than  that  obtained  by  comparison 

with  the  hydrochloric  acid  solution  standardized  by  silver  chlorid, 

although  this  result  is  placed  above  the  table,  that  any  may  refer 

to  it  who  desire. 

Leaving  out  No.  2,  which  was  ordered  in  Sept.,  1889,  and 
which,  when  received,  turned  out  to  be  the  almost  pure  normal 
ojialate,  we  find  that  three,  viz.:  Nos.  la,  7  and  8  were  mixtures 
of  acid  potassium  oxalate  and  the  tetroxalate,  while  the  other 
five,  four  of  which  were  of  Merck's  manufacture,  were  prac- 
tically pure.  It  is  specially  noticeable  that  in  no  case  was 
there  an  excess  of  oxalic  acid  present,  while  in  Nos.  i«,  7  and  8 
a  sufficient  quantity  had  not  been  added.  Nos.  4,  5,  6,  9  and  10 
nin  quite  close  together,  and  are  nearly  up  to  the  standard  of  a 
tetro3calate  recrystallized  three  times  after  addition  of  oxalic  acid, 
hut  each  might  be  somewhat  improved  by  such  recr>'stallization. 

^.  Preparatiofi  0/ pure  potassium  tetroxalate. 

The  preparation  is  easily  and  speedily  accomplished,  either  from 
thetetroxalates  as  bought,  or  from  potassium  carbonate  and  oxalic 
*^ti.  In  the  cases  ib,  2a,  2^,  3«  and  3^,  the  salt  was  recrystallized 
from  boiling  solution  with  addition  of  oxalic  acid  previous  to  the  first 
^'stallization.  In  each  case  the  salt  came  down  in  well- formed 
^'stalson  the  natural  slow  cooling  of  the  solution,  the  supenia- 
tant  liquid  was  di.scarded,  the  cr>'stals  were  washed  once  by  de- 
cantation  with  distilled  water,  recrystallized  again  from  pure  dis- 
tilled water  a  sufficient  numl^er  of  times,  pressed  between  filter 
P*P«^,  and  dried  over  night  in  a  desiccator  above  sulfuric  acid. 
"  seems  to  be  advisable  to  c<:)ntinue  the  first  heating  in  presence 
of  oxalic  acid  for  at  least  an  hour.  This  was  especially  apparent 
in  the  case  of  3a.     Sufficient  oxalic  acid  had  been  added,  but  the 
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crystals  first  formed  were  a  mixture  similar  to  Nos.  la^l  and  8, 
and  were  only  purified  on  further  addition  and  heating  with  oxalic 
acid.  The  last  part  of  tlie  reaction  seems  to  take  place  slowly, 
which  may  account  for  the  trouble  in  the  three  impure  samples. 
The  work  was  very  easily  carried  out,  three  crj'Stallizations  being 
easily  made  in  the  course  of  as  many  hours  with  little  time  taken 
from  other  work.  In  no  case  was  there  an  excess  of  acidity  or  a 
loss  of  water  of  crystallization,  either  of  which  would  mean  a  de- 
crease in  the  amount  of  ammonia  found  in  one  cubic  centimeter. 
The  fact  that  this  is  the  case,  and  that  the  results  compare  as  they 
do  with  those  obtained  by  other  methods  of  standardization,  is 
largely  proof  of  the  purity  of  the  salt.  If  there  had  been  an  excess 
of  acidity,  as  claimed  by  many  members  of  last  year*s  Association 
of  Official  Agricultural  Chemists,*  the  results  would  be  lower  than 
tho.se  obtained  by  .silver  chlorid,  for,  niore  acid  to  a  certain  weight 
vieans  that  a  greater  number  of  cubic  centimeters  of  the  ammonia 
sotution  zi'ouiii  be  required  to  neutralise  that  acid,  and  consequently 
one  cubic  centimeter  07t  calculation  would  appear  to  contain  less 
ammonia.  This  is  contrary  to  the  general  concensus  of  opinion 
that  potassium  tetroxalate  gives  higher  results  than  silver  chlorid 
and  taken  in  connection  with  the  above  table  of  results,  leads  me 
to  believe  that  excess  of  oxalic  acid  is  never  a  fault  in  a  properly 
recr\*stallized  or  a  commercial  chemically  pure  potassium  tetroxa- 
late. As  the  recrystallization  of  the  salt  is  .so  easily  accomplished, 
I  believe  it  best  for  the  sake  of  extreme  accuracv  to  recrvstallize 
more  than  three  times,  and  the  results  in  3^  would  seem  to  indi- 
cate this.  While  the  change  made  by  the  three  extra  crystalliza- 
tions is  only  slight,  I  believe  it  to  be  worth  while  to  do  this  extra 
work  as  a  safeguard,  especially  as  the  salt  once  prepared  will  be 
of  .service  for  a  long  time. 

c.  Docs  the  salt  lose  or  gain  7catcr  under  ordinary  conditions  f 

Potassium  tetroxalate  loses  water  of  crystallization  at  100°  quite 
noticeably,  and  drying  at  this  temperature  is  out  of  the  question. 
Such  drying,  however,  is  by  no  means  necessary  or  even  desirable. 
Fortunately  for  the  purposes  of  this  section  I  had  prepared  some 

*nulUtiii  .^i.     Division  of  Chemistry.  V.  S.  Dept.  of  AjjrrJcuUnre,  pagres  1:^1,  144  and  154. 
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etroxalate  from  normal  potassium  oxalate  uearly  three  years  ago. 
3uring  this  time  the  bottle  containing  the  salt  has  been  o^xined 
rem  time  to  time  and  portions  removed,  but  the  remainder  had 
QOt  been  dried  or  otherwise  tampered  with  during  that  time.     It 
gave  as  removed  from  the  bottle  without  drying  a  result,  2a,  fully 
as  close  to  that  obtained  by  silver  chloride  as  when  the  .salt  was 
first  prepared,  fairly  within  the  limits  of  error,  and  agreeing  closely 
with  the   other   freshlj'  prepared   and   three-times  recrystallizcd 
tetroxalates.    This  would  show  that  the  substance  was  not  hygro- 
scopic, as  it  had  been  freely  exposed  to  atmospheric  influences. 
The  result  given  in  2^,  reached  after  drying  the  same  cr>'stals  for 
eighteen  hours  over  sulfuric  acid,  shows  that  no  loss  of  water  of 
crystallization  took  place  during  three  years.    In  order  to  test  this 
latter  point  still  further,  I  placed  6  gms.  of  broken  fragments  of 
crystals  of  potassium  tetroxalate  in  a  desiccator  over  fresh  concen- 
trated sulfuric  acid.     For  several  days  there  was  no  loss  apparent 
to  the  balances,  but  after  forty  days  a  loss  of  one  milligram  was 
indicated.     This  loss,  when  calculated  to  the  .2  gm.  tetroxalate, 
used  in  an  analysis,  amounts  to  .000032  gm.,  a  quantit}'  much  less 
than  any  of  our  balances  will  show*.     The  loss  was  now  more 
rapid,  but  even  when  the  last  weight  was  taken,  after  three  months 
dning,  the  loss  was  insignificant.     It  was  sufficient  merely  to 
change  the  result  .001561  to  .00156097,  just  three  points  in. the 
^ghth  decimal  place.    As  it  is  never  necessary  to  dry  the  tetroxa- 
late over  sulfuric  acid  for  more  than  twelve  hours,  I  think  I  can 
safely  say  that  the  presence  of  water  of  crystallization  in  this  salt 
^  in  nowise  an  objection. 

^-  On  the  use  0/  indicators  with  potassium  tetroxalate. 

Phenol -phthalein,  litmus  and  coralline  give  a  sharp  reaction,  but 
phenol-phthalein  is  to  be  recommended  where  fixed  alkali  solutions 
are  to  be  titrated  against. 

.  Litmus  prepared  according  to  Sutton  gives  a  sharp  reaction 
^Jth  ammonia  solution.  The  change  of  color  should  be  from  acid  to 
alkaline,  and  the  point  taken  is  the  distinct  appearance  of  tlie  blue. 
The  shade  of  red  begins  to  change  before  this  |x^int  is  reached, 
bnt  the  appearance  of  the  blue  is  sharp  and  not  to  Ixr  mistaken. 
Well  agreeing  results  can  l)e  obtained  with  varying  quantities  of 
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tc'truxiilak*.  which  would  imt  In*  tht*  immt  if  the  i'h.in»ci'  «rrr  i*^H 
fill.     Cnralhiic  alMi  has  a  fairly  shaqi  reaction    fmt  il<ir«  n-  '.  0^01! 
litmus  ill  this  rcs|Kvt. 

C<>chitKMl  !kvi lines  iltfiiUMlly  alkahnc  in  r«>l«»r  Mrwri!  !rn'**  t 
a  IV.  Inrfore  this  |Miint  i«i  reachol  with  am  «•!  the  5»r«^^-!  v^-  &3J 
canncit  lie  umtiI. 

Di-mt'thyl-nnhn  (iran^c  aiiil  turnienc  cli.in>:c  ^r.k(!*.:j!'\  :u*-t^ 
the  addition  of  many  cuhic  ivnti meters  i»t  .ilk ah.  .\vA  \\\<  i,'<  V 
Ciiiiies  fully  alkaline  in  cnlur  when  the  tetr'ix.il.i'.e  :^  i*«  '  r.ar 
neutrali/ed.  A^  h.is  liiii>'  Inx-n  kiinwn.  this  '.ri-lu  iVr  .i-.-  :  -c 
UNe«i  with  iir^anic  aciiU.  imr  iltii-s  ihi**  ci^-  j»r  -w  !  V  u 
excepti«ui. 
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II  Ii<irntr.iv:er  f"A#w/  /rtf,  i>*»i  ^i  ^i.^  ||  \lc  *<-i^'» 
*/t\thf  ^tn,i/  I'htfn  .  is.j.vji  22'^  .  anil  A  lli'TTitr j,^cr  /...*♦ 
iiw.i/  I  h*m  .  is.^j.  |i  ^'i  .  ]i.i\i-  ri"\"«i!iinii-ii'lo*.  iv  ■  1  ;•  :j.««.z9 
tartr.iti-  .ts  .1  inraiis  t<*r  thr  Nt.ind.ir«!i/a'.!«>!i  «4  j^-t  i'  '.  ^  11.  « 
siiliitMiiH  In  i»ider  ti»  tr\  tin-  n.ilt.  I  niiU-  w]*  *•  v»  .*,••  ^  ■.  -  ^  ?* 
ihi"  diri\  !*.i'n«»  ^ivi!i  li\  Tlif  l.ist  •Miiii'I  j^  !*••!:  *■•.:!  r  •:•  :  •  —  r* 
s.ii\.  in  Muli :  l«»  v^i  I  thr  j«;:re  h.i'.I  li'  *  r\  h'.  i'.".;*  !''•-.--  •  ■  ••  • 
addition 

Tin    (til!.i\\:i:^  :i?r  thi-  n  n::'.»h  «•».!. 1:1:1-*. 

I'Ti  J-  iri  ■!  .11  1-  •  '.  ".-  !     ■!■•!  I  r     •     :  .  i    \ll,*  '  -•. .  ••:  ■  ■  ■    -   .  ■  -    *• 

kti  *  V  «T  1!'-. .  •  «L  1m     «  •  ■     ' 

•ii*i  •    I  •m  '^  ■      ■  '-.4 

\\*\]\  '.  !::ii:«.  w  i'*    )\    a«\»:.  :.    :  %.  •  *Ji.irj'   i**  «  ! ':  !i ::    \...:r     l-»1  • 

m5::i*n  ?  ■•:    U  !i  !:'.i;::  i!     r.^  !■..■.:•«:  *■■    :m  i  i-    v*  :;i   \).  %  .-.         -iT  ^  *     ^» 
«.i::i-  ■•:  :r«.  :'.•.•»       1:  ':■.  1-    .  *  •  'V.i   .li^  i  iv  .i-:Vi^r    -r  *»  --^  •.-.  ..^  r    ^«t 
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joes  shows  no  advantages  whatever  over  the  latter. 

The  tendency  in  the  above  is  to  retain  an  excess  of  acid,  proba- 
bly tartaric,  set  free  in  small  quantity  by  the  hot  hydrochloric  acid. 
The  acid  tartrate  was  washed  after  boiling  with  hydrochloric  acid 
until  the  latter  had  been  completely  removed. 


THE  PRECIPITATION  OF  PHOSPHO-MOLYBDATE  OF 
AMMONIA  IN  THE  PRESENCE  OF  ARSENIC. 

By  H.  C.  Baiiiiitt. 

Unquestionably  many  of  the  discrepancies  in  phosphorus  de- 
tenninations  by  molybdate  methods  may  be  traced  to  the  presence 
of  arsenic  and  the  precipitation  of  the  phospho-molybdate  at  so 
high  a  temperature  that  a  portion,  at  least,  of  the  arsenic  is  pre- 
cipitated. To  illustrate  this  point,  the  following  experiments 
were  made  :  To  one  gram  of  steel  (phosphorus  .006,  arsenic  nil) 
•0133  gm.  of  arsenic  in  the  form  of  sodium  arsenitc  was  added. 
The  sample  was  dissolved  in  nitric  acid,  oxidized  with  potassium 
permanganate ;  in  fact,  treated  as  an  ordinary  phosphorus  determi- 
nation, the  ASjO,  by  this  treatment  being  oxidized  to  As^Oj. 
Ammonium  molyh)date  was  added  (Wood's  1S88  formula),  and 
the  precipitation  made  at  the  following  temperatures  : 

Precipitated  at  85®  C.  -=.0100  gm.  arsenic  -    75.2;/  of  arsenic  added. 


••  70°  C.  -■■■=  .0085  " 

--  63.9 -'^ 

'*  6o°C.  —  .0016  '* 

-  12.0'; 

*'  50°  C.  --3 .00104  " 

7.8'; 

*'  40°  C.  --.00104  " 

-  7.8:^ 

'*  35**  C.  -.00057  *• 

-  4.3^^ 

•*  30°  C.  ^-.00033  •• 

2.5'-; 

•*  25°  C.  - .00003  " 

.2'r 

As  the  amount  of  arsenic  precipitated  at  25°  C.  is  within  the 
limits  of  experimental  error,  the  conclusion  drawn  from  these  ex- 

■ 

penments  is,  that  if  the  temperature  of  precipitation  is  kept  at  or 
below  that  point,  the  presence  of  arsenic  has  no  influence  on  the 
accuracy  of  phosphprus  determinations,  while  above  that  tempera- 
ture there  is  a  possibility  of  suspicion. 

Weuman  Iron  and  Steel  Co.. 
THrRix)w.  Pa. 
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The  second  method  was  that  used  by  Lenssen  and  by  Partridge, 
aud  consisted  in  igniting  cadmium  oxalate  to  oxide.  As  the  oxa- 
late is  very  hygroscopic,  great  care  was  taken  to  dry  it  thoroughly 
before  weighing.     Five  experiments  were  made,  as  follows  : 

O  -    i6.    C  --  I2.00I. 


'•55937  g™s.  oxalate  gave  .98526^^018.  oxide.  Cd  -=  1 12.026. 

J-77483     "          "          "    1.13582    "         '*  "     III. 981. 

1.70211     '•          •'          "    1.08949    "        •'  ••     112.049. 

1.70238     "          ••          "    1.08967    "        "  ••     1 12.051. 

1.74447     **          *•          "    1.11651    "        "  ••     112.019. 


Also, 


Mean,  Cd  —  112.025. 

'^Doctoral  Dissertation  by  H.  C.  Jones,  Baltimore,   1892. 

^^Chtm.J.  14,  261. 

^^e  atomic  weight  of  cadmium  has  also  been  measured  by 
*^rimer  and  Smith,  who  precipitated  the  metal  electrolytically 
"Om  a  c>'anide  solution  of  the  oxide.  Nine  experiments  gave 
'^a^ues  as  follows,  when  O  =  16  : 


.41538 
1.04698 

1.04066 

r.26447 

.78493 
.86707 

•67175 
1.44362 
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.30418 

gtll. 

Cd. 

Cd 

-  III. 908. 

.36352 

*      1 12. 156. 

.91618 

'     1 1 2. 148. 

.91500* 

1 1 1.924. 

I.T0649 

*     112.064. 

.68675 

'      III. 917. 

.75884 

'      1 12. 182. 

.58785 

*     112.105. 

1.26329 

Mean, 

Cd 

•     112.087. 

-.  112.055 

— Ztschr,  anorm;,  Chem.  1,  364. 

ooro^, — The  posthumous  paper  upon  the  atomic  weight  of 
^0"'  l)y  the  late  J.  L.  Hoskyns-Abrahall,  edited  by  T.  Ewan 
and  P.  J  Hartog,  has  at  last  l^een  published.  First,  by  ignition 
of  bora.^^^  NajB^O,.  ioH,0,  the  following  results  were  obtained  : 


Percent,  of  Water. 

Atomic  Weight  of  Huron. 

47.2069 

IO.S43 

47.3308 

IO-593 

47.3504 

10.554 

47.2763 

10.703 

47.2686 

10.719 

•^<**»bly  a  misprint  for  .91050? 

3^4  ATCIMIC    WKH'.HTS. 

This  nii'thtKl  is  ohvituisly  imt  In  \k-  trii^u^l  iWttcr  rmu!l' 
scciircti  by  tilrutin^  llic  linnnuk'.  liHr,.  with  a  s..!i:!i,.n  ^i^  • 
essentially  after  the  ^ener.il  ttu-thiKl  of  St.is  l"r«»t:i  i  ;  i 
gms.  of  hrtimid  were  taken  fi»r  e.uh  e\|*rnncn!  F-.r-jI  r 
as  folhiws 

rtriimiiijir^  scrir^  l^ma'  ^^'-^v 

It  !••  <yij  !  -  7  *i 

I"  t/^**  I     ''«: 

!■•  .*VN7  •«;«. 

|i.  S^,  I  !  •%•», 

l-i  S71.  I-  •»;  ■ 

I  Sj*. 

I  ■  ^  I : 

Mean  of  the  1,inI   fi\e.  whivh  the  .inthi»r«  ii»f>i  U-rr^t  :hc 

Calmil.ileil  with  N.i       .';"^i.  Aj;       i-*-   ,-•; 
l*r       7«j  *,ni.   n        it>    am!   II        »    •  7* 

/    f  '":' w    X"*     61.  't 5"        A'.:i;ii*!     I 
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Percentasre  of  Pd 
in  Pd(NH3Cl)s.  At.  Wt.  Pd. 


Series  a/5o.I426  105-353 

^"^®  ^  1 50. 1698  105.468 


Series  B 


Series  C 


50.0878  105.123 

50.2376  105.754 

50.1671  105.359 

.50.2184  105.672 

50.2132  105.651 

50.1621  105.435 

50.1224  105.267 

1,50.1838  105.523 


Mean  of  scries  A,  Pd  =  105.410 

"      •*      B.       "      105.508 

"       **      •'      C,       "      105.458 

General  mean,  "      105.459 

y.  Chem.  Soc,  61,  745. 
ESCHKA»S  METHOD  OF  DETERMINING  SULFUR.* 

By  F.  Hundeshagen. 

In  determining  sulfur  by  the  method  of  Esclika  a  mistake  may 
arise  by  the  volatilization  of  a  part  of  the  sulfur,  even  when  more 
tban  the  prescribed  proportion  ( J^  times)  of  the  dried  mixture  of 
magnesia  and  sodium  carbonate  is  added,  and  when  the  coal  and 
^nagnesia-soda  piixture  are  finely  ground  and  intimately  mixed 
and  with  cautious  heating  under  certain  conditions  a  considerable 
loss  of  sulfur  may  be  experienced,  sometimes  as  much  as  6  per 
^t.  of  the  amount  present.  With  an  imperfectly  dried  mixture 
and  careless  heating  the  loss  may  be  still  greater. 

The  evolution  of  the  volatilile  sulfur  compounds  may  be  detec- 
^  by  the  blackening  of  a  wet  piece  of  paper  soaked  in  a  solution 
^f'ead  with  which  the  crucible  is  covered.  Many  coals,  rich  in 
snlfur,  give  by  heating  with  the  magnesia-soda  mixture  such  an 
^ount  of  hydrogen  sulfid  or  ammonium  sulfid,  that  black  glist- 
^^ng  crusts  of  lead  sulfid  fonn  in  a  few  seconds  on  the  paper,  and 
^"^  appear  again  on  changing  the  paper. 

The  volatilization  of  sulfur  ceases  entirely,  or  almost  entirely, 
"  potassium  carbonate  be  used  partly  or  wholly  in  place  of  sodium 
^^bonate.  I  found  a  mixture  of  two  parts  magnesia  and  one  part 
^Wned  potassium  carbonate  .satisfactory'  in  all  cases.  (More  than 
one  part  potassium  carbonate  to  two  parts  magnesia  cannot  be 

"Translated  ft-ora  the  Chemiker  ZeititiK,  July  27.  i«o2. 
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used  as  the  mass  balls  on  heating  and  prevents  complete  combus- 
tion of  the  coal.) 

To  one  part  of  coal  at  least  two  parts  of  the  dry  mixture  are 
taken  of  which  three-fourths  are  mixed  with  the  coal  in  a  good- 
sized  crucible  and  the  remaining  fourth  placed  over  the  surface 
evenly  and  the  process  carried  out  in  the  usual  way.  The  com- 
bustion is  more  rapid  than  with  the  soda  mixture,  and  is  usually 
finished  in  one-quarter  to  one-half  hour.  This  mixture  is  also  less 
dusty  than  the  soda  mixture. 

Even  with  very  sulfurous  coals,  no  noticeable  amount  of  sulfur 
is  lost  when  the  potash  mixture  is  used. 

The  following  results  were  obtained  by  burning  three  Bohemian 
brown  coals  rich  in  organic  sulfur.  A  by  Eschka*s  method,  B 
with  the  2  :  i  magnesia-potash  mixture ;  they  show  what  sulfur 
may  be  lost  when  working  with  the  first  method.  In  both  series 
two  parts  of  the  mixture  were  used  for  one  of  coal ;  the  ignited 
mass  was  treated,  as  Muck  prescribes,  with  bromin  and  hydrochlo- 
ric acid,  and  the  filtrate  precipitated  with  barium  chlorid.  The 
small  amount  of  sulfur  in  the  reagents  was  subtracted  in  the  cal- 
culations. 

With  Nos.  I  and  2  coals  the  mixture  was  freshh'  dried  ;  with 
No.  3  treated  with  about  20  and  15  per  cent,  of  water.  In  the  lat- 
ter cases  the  heating  of  the  coal  was  somewhat  more  rapid. 


A. 

MRRticsla  Sfxlu 
Mixture. 


Action  oil  Lead, 
Paper. 


Sulfur 
I'ouiid. 


B. 


Mag-tiesia  Totasb  Mixture. 


Action  on  Lc.id  ' 
'  Paper. 


Sulfur 
Pound. 


<i 


It 


Ix»j»s  of 
iSulfur  in  A 


Rrown Coal  No.  I    Blackening'    i.gy^r     '  No  coloration  •     2.io(in         o.i3^r 
"    2  *•  2.43'>  •*  2.585-^     '    0.15:/ 

3  "  '    2.77'.?:  •*  ,     3.06%     ;    0.29 >' 


Further  experiments  showed  that  a  mixture  of  two  parts  mag- 
nesia one-half  part  sodium  carl)onate  and  one-half  part  potassium 
carlx)nate,  even  when  slightly  moist,  answers  the  purpose  perfectly. 
These  experiments  show  the  necessity  of  replacing  the  sodium 
carbonate  in  Eschka's  mixture  partly  or  wholly  by  sodium  carbo- 
nate. 

The  imperfect  action  of  Eschka's  mixture  is  due  in  the  first 
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place  to  the  property  of  sodium  carbonate  of  becoming  anhydrous 
at  a  low  temperature.  In  this  condition  it  has  ver>'  little  absorb- 
sorbing  power  for  hydrogen  sulfid.  It  is  also  due  to  the  ease  with 
which  sodium  sulfid  is  decomposed  by  carbon  dioxide. 

The  improved  behavior  of  the  potash  substitute  is  explained  by 
the  property  which  the  later  has  to  retain  moisture  at  a  higher 
temperature  and  to  combine  with  hydrogen  sulfid  with  the  forma- 
tion of  potassium  sulfid  and  carbon  dioxide.  This  absorption  is 
facilitated  by  the  conversion  of  a  part  of  the  carbonate  in  intimate 
mixture  with  magnesia  and  water  into  the  much  more  active  hy- 
droxid,  a  property  not  possessed,  or  at  any  rate  only  in  very 
small  degree  by  sodium  carbonate. 

How  different  is  the  absorptive  power  of  sodium  and  potassium 
carbonates  for  hydrogen  sulfid  is  shown,  for  example,  by  the  ob- 
sen'ation  that  sodium  carbonate  mixed  intimately  with  a  small 
quantity  of  sodium  sulfid  and  sodium  bicarbonate,  especially  when 
heated,  gives  off  hydrogen  sulfid  in  quantity  ;  addition  of  a  pro- 
portionately small  amount  of  potassium  carbonate  when  well  mixed 
suffices  to  hold  this  in  combination,  even  when  heated. 


NOTE  ON  THE  PREPARATION  OF  SAMPLES  OF  RICH 
ARGENTIFEROUS  LEAD   FOR   ASSAY. ^^^ 

By  John  Pattinson.  F.I.C.  and  H.S.  Pattinson.  PH.D.,  P.I.C. 

It  has  been  found  that  the  most  satisfactory  method  of  obtaining 
^n  average  sample  of  pigs  of  rich  argentiferous  lead — containing 
from  100  to  about  1,000  oz.  of  silver  per  ton  of  lead — is  to  saw 
^^  pig  through  with  a  circular  saw.  The  fine  particles  produced 
»^' the  saw,  termed  *'sawMngs,'*  are  collected,  and  from  them  the 
^^ples  are  drawn  to  be  sent  to  the  assayer. 

Assays  of  rich  argentiferous  lead  are  best  made  u]X)n  from  200 
P^ins  lo  half  an  ounce  of  lead,  but  such  a  small  quantity  of  the 
^^ngs  as  this  cannot  be  relied  upon  to  represent  the  whole  bulk 
^the  sample,  because  of  the  large  size  of  some  of  the  particles. 
This  difficulty,  however,  is  easily  overcome  by  melting  up  either 
the  whole  of  the  sample  or  such  a  quantity  of  it  as  can  Ik?  relied 
upon  to  represent  the  composition  of  the  whole,  and  casting  the 
Jcad  into  small  cakes  or  "buttons  "  from  which  portions  weighing 

•Jour.  Soc.  Chem.  Ind.  Apr.,  1892. 
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fnmi  jtKiKr.iiiis  to  half  an  oiiiu'i*  cm  tlu-ii  \m:  iti!  v^r   .;«-hi   -r; 
\W  fiiifl  that  tViiin  a  >ain|>li'  «»f  H;i\\ii:^N  ui  t!ic  i>\:a*  ^./i   .1      .'.t  o 
cir  Muall  l»ar  fairly  ri-prfM.-nlm>:  tlu-  s;itn]»ii-  r.i!i  U  i  1^:  rri-r:   i  •^: 
2.iiiM»  >;raiiis. 

Wlu-ii  Ihi*  Niiwiii^s  arc  nu-ltvd  tlu-  I'littnii  ••!  Ir.i-!  ■■*:.i-««i  :2 
variably  \\ci^)i>  k-^s  than  tlu*  wvi>:ht  el  "^iw-iii:^  t.ikcv  T  •  "  ^» 
of  \vi-i>;lit  i-  |Mrlly  iliic  l«»  thi'«i\:i1.ttii>n  »•!"  :}if  ♦tv.'j-iir-v.i-*  v  •  '1  -inl 
in  the  U-ail,  whuli  M-]iarati,*  as  ilri»NN  nr  .irv  m •!.»!: l:/r'l  »l;;r:".«:  !  <•;*•- 
ii-vs  nf  nu'Itin^.  Thr  ii-nianiiii):  Iv.ni  is  oin^^jin  :ir!\  r?.r-  ■*•:  2 
mUat  1>\  thi- rinmx.il  nf  ilu-^'  tni{un:t:i-<«  aiul  thi  .i^vi-L  ■  <  i ->ri 
frnni  this  K-.ul  is  hi;;luT  tli.in  ihi-  U\:v  .»ss.i\  ..i  :l:t  j-ir^.r!  :  "on 
ftuin  whirh  thi-  s,i\\:n^s  win-  lakiii  A  Oirivvti-'ti  :•.:•.;'.:  :  ."x*  tt 
In*  niadi'  ii]Miii  thr  .is>.i\  t<ir  this  i!ir:(.}ii:u'nt  in  «ir<!ir  t  •  %rT  .r  1! 
the  true  a.ss.iy  uf  thv  s.tiii]i!f 

Thr  Intal   liiss  III   \\ii^*lil  fin   nu-!!:!'.^;   thr  xiw.iijcs   •*    •■    ■■r'.t*. 
n«it  \\l:iili\  iliu"  til  n\nl.i!i"!i   .iinl   \"l.il-.'i/.ilii'!i   ■  I   t!  1     -.;     •  !«c* 
Imt  Is  ]i.irti.ill\  ilm*  In  thi naiiliustsi!!  ••!  tliri-il  :!i.i!  ■*•.:;-  :  •. h    •.i.t 
fail:  i»l  thr  viwnikjs.  wliiih  li.i*  ?^r!i  !!i!r»»!"AV»l  sut  ■  !*.•   *. -      '  *'^«' 
\\\v  lunN^itx   0!  nsni>:  **:\  U'  li:*»TKMtv  tl;i  i  :ri'.:l.i:  s,»\\        ;     .-  --r^- 
tlu-  .iss.i\   1.1  ilji-  !i:i  !lnl    ',1  .III   ^\   .i!i    Ai:;i''.:r.!   ^.  m-**-  -.  ;      ^-    •      -  rr 
/I'/.i/ ii'SN  I.]  \\t  :-lr»  iifi  mil*.  :!j^  :i:i   -^iU  :::»:-.  ^* '•'•'.  '.  '.  ■» '^  !    '       *        "• 
\:i«u-h    \\!i  lu:     "liAV  A  J*  ■:•.'.■  ::  ■  '.  Zh\-  !•  **  :*»    '.:■.    '.  ■    '     .    • :     ^^ 

jili    \\l;!*ll  \\  i-*  !i"  J'.il!  «'I  !:'.i    •■!.:!:  k!    '.!*■•!"'.  i  '         T        '•  ""^ 

a^i    t»!   ..:'.  ::'.  tlu    ^.iw'.:i^-    :v.:-!    tV.-Ti!   :.    *•      .-•  •"..-:  * 

Wi  il«  !t  :i:;'.!:t   'Aw   •':';  '.11  !!:•    ^.iv\  ••.^'*  ^\   w  i-".  •  ,;   :     •«    .-        — 

IKllI        •^•••a       l>.>«t  •••»<••••  L  ■>  •         ..l.l^a       ait^^  <       »       >•"  » 
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4,cxx>  grains  of  sawings  melted  alone  lost  in  weight  60  grains- - 
1.5  per  cent. 

2,000  grains  of  the  same  sa wings  melted  with  KCN  lost  16  grains 
=0.8  per  cent 

The  percentage  of  oil  in  these  sa  wings  was  determined  and  found 
to  be  0.52  per  cent.     Deducting  this  amount  from  each  of  the 
above  total  losses  we  find  that  the  loss  due  to  oxidation  and  vola- 
tilization is — 
When  the  sawings  are  melted  alone,  0.98  per  cent. 
When  the  sawings  are  melted  with  KCN,  0.28  per  cent. 
In  this  instance,  therefore,  the  loss  due  to  oxidation  and  vola- 
tilization was  3^  times  greater  when  the  sawings  were  melted 
alone  than  when  they  were  melted  with  potassium  cyanid. 

The  following  table  gives  some  examples  of  the  results  obtained 
with  several  samples  of  sawings  when  potassium  cyanid  was  used 
in  melting  them  : — 

Total  Percentage 

Percentage   Percentage        Loan 

Loss  I«o»s       exclusive  of 

including  Oil  due  to  Oil  Oil 

1.  First  trial 0.78  0.52  0.26 

Second  trial 0.80  0.52  0.28 

2.  First  trial 0.35  o.ii  0.24 

Second  trial 0.35  o.  ri  0.24 

3.  First  trial  0.50  0.32  o.  iS 
Second  trial 0.51  0.32  0.19 

4 0.30  0-15  o-KS 

5 0.30  0.13  0.17 

6 0.31  0.12  0.19 

7 0.38  0.15  0.23 

8. 0.25  o.  10  0.15 

9 0.33  ^>i4  0.19 

It  will  be  seen,  from  the  tests  of  the  first  three  samples,  which 

^ere  made  in  duplicate,  that  very  concordant  results  are  found  by 

^is  process,  and  also  that,  in  all  the  samples,  the  loss  of  weight 

^^c  lo  the  oil  is  very  considerable  as  compared  with  the  loss  from 

^ther  causes.     In  some  instances  the  loss  due  to  oil  is  about  twice 

^much  as  the  loss  from  oxidation  and  volatilization. 

The  amount  of  loss  from  oxidation  and  volatilization  in  all  these 
^njples  is  but  small,  varying  from  0.15  to  0.28  per  cent.,  and  it 
^y  seem  at  first  sight  to  be  of  little  importance,  but,  actually, 
the  correction  of  the  assay  corresponding  to  these  small  losses 
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makes  a  difference  on  a  lead  containing,  say,  500  oz.  of  silver  per 
ton,  of  34  oz.  of  silver  per  ton  in  the  first  case,  and  i  oz.  8  dwt. 
per  ton  in  the  latter  case ;  and  these  amounts  when  deducted  from 
the  assays  of  t'  j  cakes  of  lead  give  the  true  contents  of  silver  in 
the  original  lead.  With  richer  leads  the  correction  is,  of  course, 
proportionally  greater. 

It  is  obvious  that  in  the  above  cases,  if  the  correction  for  loss 
on  melting  the  sawings  were  to  include  also  the  loss  due  to  the 
oil,  an  error  would  be  made  which  would  lead  to  an  excessive  de- 
duction var>-ing  from  y2  oz.  to  2  oz.  12  dwt.  of  silver  per  ton,  sup- 
posing the  lead  to  contain  500  oz.  of  silver  per  ton  by  assay  of  the 
cake  of  melted  sawings. 

DISCUSSION. 

Mr.  Shaw  suggested  that  liquation  and  separation  of  constituents 
might  take  place  in  the  small  ingot,  but  Mr.  Pattinson  considered 
that  it  was  too  small  and  cooled  too  quickly  for  that  to  occur  to  any 
measurable  extent. 

Mr.  Renoldson  thought  that  if  the  oil  were  first  removed,  its 
amount  need  not  be  determined ;  he  also  suggested  the  use  of 
water  as  a  lubricant  in  place  of  oil. 

THE  INTERNATIONAL  CONFERENCE  ON  CHEMICAL 

NOMENCLATURE.* 

By  Henry  K.  Armstrong. 

At  the  meeting  of  the  International  Chemical  Congress,  held  in 
Paris  in  the  summer  of  1889,  a  special  Section  was  appointed  to 
consider  the  unification  of  chemical  nomenclature,  and,  after  dis- 
cussing a  variety  of  propositions,  some  of  which  were  adopted,  it 
was  decided  to  form  an  International  Commission  for  the  further 
study  of  the  subject. f 

The  members  resident  in  Paris,  having  been  constituted  a  per- 
manent committee  of  the  Commission,  have  devoted  an  immense 
amount  of  time  and  care  to  the  preparation  of  a  scheme,  and  it 
was  to  discuss  their  reportj  that  we  met  at  Geneva  on  Easter 

♦Nature,  May,  1892. 

fThe  following  chemists  eventually  consented  to  serve  on  the  Commission :  Messrs. 
Behal.  Itcrthelot,  Bouvcault.  Combes,  I'anconnier,  Kricdcl,  Cfautier.  Grimaux,  Jungfleish, 
Sclnit/cnbcrger  (all  represent injjf  I'rance),  (iracbe  (Switzerland),  AlexcjefT  and  Beilstein 
(Russia),  von  Haeyer  and  Noltinj?  (C.crmany),  I.ic-bi-n  (Austria),  Patemo  (Italy),  Franchi- 
niout  (Holland).  Annstrou);  (Kufiland),  Istfati  (Kouniania),  Calderon  (Spain).  Cleve  (Swe- 
den), Houkowski  Uey  (Turkey),  Ira  Kemsen  (Tnited  States),  and  Moui^es  (Chili). 

tThis  report  had  been  prepared  hy^  the  following  :  Messrs.  Friedel  (President),  B6hal, 
Itouveault.  Combes,  Fanctmnier,  (iaiitier,  and  Grimaux. 
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Monday  last.     The  French  Committee  had  issued  invitations,  not 
only   to  members  of  the  Commission,   but  also  to   many  other 
prominent  chemists,  so  that  the  meeting  was  a  thoroughly  repre- 
sentative one.     It  is  worth  mentioning,  as  an  illustration  of  the 
sympathetic    treatment   accorded  bs-  public  bodies  in  France  to 
men  of  science,  that  the  Paris-Lyons-Marseilles  Railway  Company 
granted  a  reduction  of  one-half  of  the  fare  over  their  line  to  mem- 
bers of  the  Congress. 

Very  happily,  the  local  committee  had  arranged  that  all  might 
stay  at  the  one  hotel — the  Metropole — and  it  was  here  that  we 
first  met  in  friendly  union  on  the  Monday  evening. -=•  The  next 
moraing  the  Congress  assembled  at  the  Hotel  de  Ville,  M.  Richard, 
the  Cantonal  Minister  of  Kducation,  Ixiing  in  the  chair.  After  an 
admirable  address  of  welcome  from  this  gentleman,  who  ap|>eared  to 
thoroughly  appreciate  the  importance  of  the  object  in  view,  on  the 
motion  of  Prof.  Canizzaro  it  was  wisely  decided  not  to  follow  the 
complimentary,  but  somewhat  unbusinesslike  Continental  prac- 
tice so  frequently  adopted,  of  appointing  a  different  chairman  each 
day,  but  to  have  only  one.  M.  Friedel,  who  had  taken  the  chair 
at  all  the  numerous  meetings  of  the  Paris  Committee,  having  been 
chosen  by  acclamation  President  of  the  Conference,  formal  busi- 
ness was  at  once  entered  into,  and,  after  the  necessary  interval  for 
lunch,  the  sitting  was  resumed  in  the  afternoon.  We  met  in  like 
manner  on  the  tw-o  following  days,  and  the  final  sitting  took  place 

*The  follo^n};;  is  the  official  list  of  those  who  toik  part  in  the  CtHifcrciice  :  Me>*^rs.  H. 
K-ArmslronK.  £*rofesM>r  nt  the  Central  Institution.  Lomlon,  SecTttary  of  the  Chemical 
j![*"*^y;.  A.  Arnaiul.  rnjffisor  at  the  Mnseuni.  r.iris  ;  A<liilphr  von  Uaeyt-r,  I*r<jfe>sor  at 
jjl5.  ^  Diversity  of  Munich;  Hurbivr,  rroftr»*s<»r  at  the  I'aculty  of"  Sciences  r»f  Lyons  ;  Anp. 
Mnal.  I'rofesur  at  the  Snperif)r  School  of  I'harniacy  of  Pari-  ;  I.ouis  Umiwaiilt.  Doctor  of 
^j^cc.  I'an's;  Stani.slasCuni/xnro.  Professor  at  the  I'niversity  «»f  Rome  ;  Tanl  Ca/.cneuve, 
^™^soroflhe  Faculty  of  Medicine  of  Lyons  ;  Alphonsc  Coni1>e>.  I)<ictor  of  Scii  nee  Paris  ; 
Alpbotiie Cosso,  Director  of  the  Hxi>criniental  Station  of  Ajiricultuic.  at  Turin  :  Maurice 
"^jJ^CTt.  Pioft:«»s«>T  at  the  rniversitv  of  Gand  ;  Michel  l-'iltti.  I'roft«isiir  al  the  riiiv*  r.-ilv 
or  Turin;  Erail  KiHChcr.  Professor  at  the  IMiivi-rMty  of  Wiirzburi:  :  A.  P.  N.  Franchi- 
"J^ot. Pryfcsm,!-  at  the  I'niversitv  of  I.cvilen  ;  Charles  Fritilel.  Mrml)er  of  the  Institute. 
Pnrf«!!or  at  the  Sorbonne.  Paris';  Dr.  T-'lI.  <iladstone,  V  K.S..  I.ond<m  :  Carl  C.raebe.  Pro- 
•fwor  of  the  l.'niversily  of  C.eneva  ;  Pnillippe-Au;ju»*te  (."tuye.  Pn«le.-««»r  at  the  l'niv<.r«iity 
wGrnrva;  Istrati,  Professor  nt  the  fnivcrsity  «»f  Huchare"?.t  :  Albert  Mailer.  Proft<si>r  cif 
Wie  Fariihv  of  Science  of  Naiicv;  Manricr  Ilanriot.  l\ll<nv  PP'fvshur  of  the  I'.u-ultv  of 
JIWKine.  Paris:  A.  R.  Hantsch."Pn»fe'..'.«»r  at  the  Polvteehnic-  Srlir^ol  ot  /urij  h:  Avhille  I,e 
"**.  iHKIor  of  Science.  Paris:  A.  Ijeben,  ProTcristjr  «)r  tin-  Inivii  •"ity  nt  Vi«Mma  :  I.onn  Ma- 
guennc.  Doctor  of  Science,  Assistant  Naturalist  at  the  Museum.  Paris;  von  M«yer.  Pro- 
J^**?"  at  the  University  of  Lcipsic;  Dmis  Monnier.  Profi.s-or  ufthe  rnivtrsity  ofV.fni.va: 
K.Xictiki,  Pmfessc)r  of  the  I'niversity  of  IJale  ;  I\niili<>  NoeltinK^.  l)in.ctor  of  ih*.  ScIi'mjI  of 
twmistry  of  Mnlhonse  ;  Hmmanuel  Paterno.  I•rof^^sc)r  at  the  I'liivi  r-^ity  of  Palermo;  Ann' 
|7^t.  Iiwlruetor  at  the  I'niversity  of  Cieneva;  William  Kam*.ay,  I'.U  >  .  Priifi>-ior  of  the 
^."iver^ity  of  London  ;  Zdenko-H.  Skraup.  Prof<-ssor  of  the  rniv«-isily  ..ftiiii/  .  I-*(nIinand 
Tiemaun,  Prufessc»r  of  the  I'niversity  of  Berlin. 

Thi:  [/<al  Committee  was  conii>Ji>scd  of  the  follow in>^  :  Mir^^r^  I-lmile  .\d«>r.  II  W.  tK- 
Blonay,  Alex.  Claparcde.  Prof.  C.  <;raebe.  Prof  Ph.  A.  r.uve.  Alex.  L«.  Rtiver.  Pn.l.  Denis 
Monnit-r.  Am^  Pictet.  Fre<l.  Reverdin.  Prcif  Albert  Rilliet.  Kdonard  S.ua-iji. 
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on  the  Friday  morning,  but  many  had  left  before  this.  On  Tues- 
day evening,  by  invitation  of  the  local  committee,  we  visited  the 
theater,  a  very  beautiful  building.  On  the  Wednesday  evening, 
we  were  entertained  by  them  at  a  dinner  at  the  Hotel  Metropole, 
on  which  occasion  a  very  striking  speech  was  delivered  by  Prof, 
von  Baeyer,  who,  after  pointing  out  that  exx>erimental  chemistry 
had  been  carried,  early  in  the  century,  into  Germany  from  France 
by  Liebig,  who  was  tutored  by  Gay-Lussac,  proceeded  to  say  that, 
although  the  science  had  now  undoubtedly  reached  its  highest 
development  in  Germany,  it  was  more  than  probable  that,  in  the 
future,  circumstances  would  arise  which  would  lead  to  some  other 
nation — France,  Russia,  Italy,  or  England — coming  to  the  fore. 
On  this  occasion,  on  the  motion  of  M.  Le  Bel,  it  was  unanimously 
decided  to  appoint  M.  Marignac  Hoiiorary  President  of  the  Con- 
gress, and  a  letter  to  him  expressing  our  regret  that  ill-health  pre- 
vented his  taking  part  in  its  work  was  at  once  signed  by  all  pre- 
sent. We  were  indebted  in  many  other  ways  to  the  local  com- 
mittee, and  there  is  no  doubt  that  the  success  of  the  meeting  was 
in  large  measure  due  to  the  forethought  and  hospitable  care  exer- 
cised by  them  on  our  behalf.  Absolute  amity  prevailed  through- 
out, and  it  was  clear  that  all  were  bent  on  co-operating  to  secure 
the  carrying  out  to  a  successful  issue  of  a  very  difficult  but  most 
important  work.  The  great  advantage  to  be  derived  from  the  per- 
sonal intercourse  which  such  meetings  promote  was  soon  appar- 
ent ;  gradually,  the  doubts  which  many  entertained  as  to  the  pos- 
sibility of  devising  a  practical,  rational  scheme  of  nomenclature 
were  dispersed,  and  ere  many  hours  had  elapsed  the  sympathies 
of  all  present  were  enlisted  on  behalf  of  the  work  ;  thus  a  mission 
has  been  sent  forth  which  will  explain  the  enterprise  to  chemists 
generally. 

The  resolutions  passed  at  the  meetings  are  appended  to  this  ar- 
ticle. These,  I  think,  are  in  no  way  to  Ixi  taken  as  in  all  respects 
final,  but  they  will  serve  to  prepare  the  way  and  to  indicate  the 
lines  on  which  the  work  is  to  be  carried  out.  The  position  in 
which  we  found  ourselves  placed,  in  fact,  was  not  one  which  jus- 
tified our  arriving  at  decisions  which  could  fairly  be  regarded  as 
binding.  The  report  of  the  French  Committee  was  placed  in  our 
hands  only  on  the  morning  of  the  first  meeting,  and  it  was  impos- 
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sible  to  master  its  contents  at  so  short  a  notice,  and  still  less  to 
criticise  and  test  the  application  of  its  recommendations  in  detail. 
That  the  scheme  would  serve  but  as  the  basis  for  discussion  was 
soon  evident,  when  at  the  ver>'  outset  a  system  of  nomenclature 
for  the  hydrocarbons  was  adopted  very  diflFerent  and  far  more  sig- 
nificant than  that  recommended  in  the  report ;  and  numerous  other 
departures  from  its  recommendations  were  carried  in  the  course  of 
the  proceedings.     Again,  some  of  the  most  active  members  of  the 
Congress  had  confessedly  paid  attention  only  to  special  groups  of 
compounds,  and  had  not  tested  the  application  of  proposals  which 
they  strenously?  advocated  to  compounds  of  other  groups ;  but  as 
a  nomenclature  admirably  adapted  to  one  class  may  be  open  to  all 
sorts  of  objections  when  applied  to  another,  the  general  bearing  of 
recommendations  made  with  reference  to  special  groups  will  have 
to  be  fully  considered  before  they  can  be  finally  adopted.     The  re- 
solutions relating  to  fatty  acids  (Nos.  18,  19,)  are  of  this  kind, 
and  their  adoption  was  warmly  opposed  by  an  important  minority 
on  the  ground  that,  however  well  they  might  be  adapted  to  acids 
pnre  and  simple  derived  from  open-chain  hydrocarbons,  their  ap- 
plication to  acids  derived  from  closed-chain  hydrocarbons  and  acids 
containing  other  radicles  in  addition  to  carboxyl  was  beset  with 
difficulty.     In  order  to  name  an  acid  in  accordance  with  this  re- 
solution, the  formula  of  the  C9rresponding  hydrocarbon  must  be 
constructed  from  that  of  the  acid  by  changing  carboxyl  into  me- 
thyl; for  example,  citric  acid,  CH,(C02H).C(0H)  (COOH).CH, 
(CX)OH),  would  have  to  be  regarded  as  a  derivative  of  niethylpen- 
t^e,  and  would  be  named  methylpentanoltrioic  acid,  numerals  be- 
ing added  to  indicate  the  positions  of  the  hydroxyl  and  carboxyl 
g^ps;  in  like  manner,  mellitic  acid,  CeCCOOH)^,,  would  be  named 
hexamethyl-benzenehexoic  acid,  although  no  methyl  is  present  in  it. 
The  mental  eflFort  involved  in  visualizing  the  formulae  from  such 
names  as  these  would  appear  to  be  far  greater  than  if  they  were  re- 
spectively named  propanoltricarboxylic  acid  and  benzenchexacar- 
hoxylic  acid,  or  simply  propanoltri-acid  and  benzenehex-acid,  the 
nse  of  the  term  acid  being  understood  to  imply  the  presence  of  car- 
'^xyl.    A  decision  on  points  such  as  these  can  only  be  arrived  at 
after  careful  study  of  the  general  effect  of  such  a  proposal,  and 
there  was  no  time  for  such  a  comparison  during  the  brief  debate 
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both  purposes.  There  can  be  little  doubt,  however,  that  the  fu- 
ture student  will  cut  the  knot  by  declining  to  burden  his  memory 
with  a  double  vocabulary  in  the  case  of  all  but  the  commonest 
substances,  and  that  therefore  there  is  but  one  course  open  to  us 
(cf.  Res.  26;. 

Although  sufficiently  conservative  to  retain  methane,  ethane, 
propane,  and  butane,  the  Congress  decided  not  to  adopt  the  pro- 
posal to  continue  the  use  of  the  names  formic,  acetic,  propionic, 
and  butyric  for  the  first  four  acids  of  the  acetic  series,  which  was 
advocated  by  a  substantial  minority  on  the  ground  that  their  re- 
tention would  facilitate  the  change  from  the  old  to  the  proposed  new 
s^-stem.    This  is  one  of  the  questions  demanding  careful  consider- 
ation.   Many    will,  no  doubt,  prefer  to  retain  old  unsystematic 
names  as  far  as  possible,  but  it  is  easy  to  see  that  the  desire  to 
avoid  change  may  carry  us  too  far  in  this  direction ;  it  will  un- 
doubtedly be   very   inconvenient  to   the  present    generation   of 
chemists  to  abandon  familiar  and  cherished  names,  but  neverthe- 
less it  may  be  a  wise  course  to  boldly  face  the  difficulty,  rather  than 
inflict  on  coming  generations  a  partially  illogical  and  unsystematic 
nomenclature.     The  argument  tliat  the  present  familiar  names 
may  still  be  used  colloquially  is,  as  I  have  already  said,  scarcely  a 
justification  of  the  dismissal  of  such  names  from  .the  official  no- 
menclature, as  our  successors  may  be  expected  to  object  more  and 
more  decidedly  to  a  multiplex  system  as  chemical  science  pro- 
P^^sses,  and  to  insist  on  the  adoption  of  the  official  as  the  s(Aq 
system ;  the  extent  to  w-hich  familiar  trivial  names  shall  l)e  re- 
tamed  in  the  official  system  is  therefore  a  matter  of  great  impor- 
tance. 

As  one  aim  and  object  must  be  to  devise  a  system  which  is  sig- 
ni6cant  and  logical  throughout  no  considerations  nuist  be  allowed 
to  prevail  which  will  defeat  this,  and  it  will  not  suffice  to  quote 
pr^nt  usage  in  support  of  illogical  proposals  ;  but  this  has  been 
done.  Thus  the  Congress  decided  CRes.  46)  to  name  compounds 
oithetypeR'.Nj.R'  a^^-com pounds,  while  retaining  the  namc^  diazo- 
chIoridforC,H,..NXl.  It  matters  not  to  us  that  the  manufacturers 
have  chosen  to  call  the  colors  derived  from  ^//V^rtJ-coniix^unds  azo- 
dyes;  if  substances  such  as  (CHj.vS  are  termed  thio,  and  com- 
pounds  such   as  (0^115)^82  fl^/-thio  compounds  (Res.  43),  we  are 
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not  yet  so  far  advanced  as  to  make  this  possible  or  even  desirable, 

and  it  would  be  most  unfortunate  if  Beilstein  were  at  the  present 

juncture  to  promulgate  a  system  which  is  manifestly  incomplete  ; 

nothing  can  be  worse  in  such  a  case  tlian  to  consent  in  haste, 

when  it  is  evident  that  this  would  surely  involve  repentance  at 

leisure. 

Those  of  us  who  are  interested  in  the  work,  and  competent  to 
advance  it,  must  now  test  in  detail  the  application  of  the  proposals 
which  have  been  provisionally  adopted,  and  we  must  assist  in  con- 
tributing to  the  ultimate  establishment  of  a  system  on  the  broad 
lines  of  policy  laid  down  for  our  guidance  at  the  Congress.     As  it 
is  not  improbable  that  in  the  future,  owing  to  the  extended  use  of 
our  language,  the  major  proportion  of  chemical  students  will  speak 
English,  it  is  essential  that  due  attention  be  paid  to  the  matter 
here  in  England,  so  that  a  system  may  be  devised  which  we  can 
make  use  of  without  difficulty. 

Resolutions  taken  by  the  Congress. 

I-  In  addition  to  the  usual  methods  of  nomenclature,  an  official  name, 
P^iuing  of  distinguishing  each  bo<ly  under  a  distinctive  title,  will  he  es- 
tablished. The  Congress  rec^uests  authors  to  mention  in  their  articles  the 
official  name  in  parenthesis,  m  addition  to  the  name  chosen  by  them. 

2.  It  is  decided  to  consider,  for  the  present  only,  those  Ixnlies  of  a  known 
constitution,  leaving  for  later  consideration  bodies  of  unknown  constitution. 

3-  The  termination  ane  is  adopted  for  all  the  saturated  hydrocarbons  of 
the  fatty  series. 

4'  The  old  names  of  the  first  four  saturated  hydrocarbons  [methant\  cth- 
'j^Propane^  butane)  are  retained  ;  the  names  derive<l  from  the  Greek  num- 
^  will  be  used  for  those  which  have  more  than  four  atoms  of  carbon. 
Tuese  names  will  distinguish  the  normal  hydrocarbons. 

5-  The  hydrocarbons  with  an  open  chain  are  regarded  as  derivatives  of 
^e  normal  hydrocarbons,  and  their  name  will  be  derived  frcmi  the  longest 
nonnal  chain  that  can  be  established  in  their  formula. 

^.The  numbering  of  the  lateral  chains  will  be  drawn  from  the  atom  of 
terminal  carbon  nearest  in  a  lateral  chain  ;  in  the  case  where  the  lateral 
Cuains  nearest  to  the  extremities  will  be  placed  svuinictricallv,  the  simplest 
^'1  decide  the  choice. 

7-  ^Tienever  a  residue  is  substituted  in  a  lateral  chain,  metho-^  ciho-,  are 
ployed  instead  oi  methyl-^  ethyl-,  prefixes  reserved  for  the  case  where  the 
substiimion  takes  place  in  the  principal  chain. 

°'  In  the  hydrocarbons  having  onlv  one  don  hie  hand,  the  termination 
**/ of  the  corresponding  saturatefl  hycfrocarbon  will  be  replaced  by  the  ter- 
mination cne  (ex.  ethene) ;  in  those  having  two  double  bonds,  the  tcrmiiia- 
pwi  dicne  will  be  used  (ex.  propadiene) ;  those  having  three,  triene,  etc.  If 
1^  Necessary,  the  place  of  the  d<)u1)le  bond  is  indicated  by  the  number  of 
tne  first  atom  of  carbon  to  which  this  double  bond  is  attached. 
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The  oxy-ethers  will  be  designated  by  the  names  of  the  hydrocarbons  which 
compose  them,  united  by  the  term  o-iy-  (ex.  pentane-oxy-ethane  for  ethyl 
or  amyl  oxid). 

24.  The  anhydrides  of  the  acids  will  retain  their  present  mode  of  designa- 
tion after  the  name  of  their  acids  (ex.  anhydride  ethanoic). 

25.  (12  bis.)  In  the  case  of  two  lateral  chains  attached  to  the  same  atom 
of  carbon,  the  order  in  which  these  are  expressed  will  correspond  to  their 
degree  of  complication. 

26.  A  more  exhaustive  discussion  of  the  bodies  with  complex  functions  is 
postponed,  and  the  study  of  this  question  is  referred  to  the  International  Com- 
mission, in  order  that  it  may  prepare  upon  this  point  a  plan  which  will  be 
laid  before  the  next  Congress.  The  Commission  w'ill  endeavor  to  reconcile 
the  exigencies  of  the  spoken  nomenclature  with  that  of  a  terminology  ap- 
plicable to  the  dictionaries. 

27.  The  customary  methods  for  the  salts  or  compound  ethers  are  retained. 

28.  The  lactones  will  be  designated  by  the  word  o/idc,  indicating  that  it 
is  an  internal  anhydride  of  alcohol  and  acid.  The  position  of  the  alcoholic 
function,  as  to  the  carboxyl  of  the  acid  alcohol  whence  proceeds  the  lactone, 
can  l>e  expressed  by  the  Greek  letters  a,  /?,  T,  d,  in  addition  to  the  usual 
numbering  of  the  lateral  chains  : 

O CO 

I  I 

CHj— CH— CHa— CHj 

1.4  pentanolide  or  1.4  T  pentanolidc. 

29.  The  lactonic  acids  derived  from  bibasic  acids  will  be  named  after  the 
lactones  from  which  they  are  derived,  adding  the  suffix  oic,  characteristic  of 
the  acids. 

30.  The  discussion  of  the  closed  chains  is  postponed  until  the  publication 
of  the  ideas  of  Mr.  Armstrong  upon  this  subject,  will  permit  the  International 
Commission  to  compare  them  with  the  propositions  of  Mr.  Bouveault. 

31.  In  the  aromatic  series  and  all  the  bodies  containing  a  closed  chain, 
all  the  lateral  chains  will  l)e  considered  as  substituting. 

32.  Aldehydes  will  be  distinguished  by  the  suffix  a/  (methanni,  cthanal). 
Sulfo  aldehydes :  suffix  M/rf/. 

33.  Acetones  :  suffix  Ofte  (CH^.CO.CH^.CH:,,  butanone  2). 
Diacetones,  triacetones  :  suffixes  dioftt\  trionc. 
Sulfoacetones :  suffix  ihionc. 

34.  Quinones  :  The  suffix  quinofw  for  the  bodies  homologous  to  ordinary 
quinone. 

The  bodies  having  the  chain  CO.CO  several  times  will  be  diquinones  or 
tri qui  nones. 

35.  Ammoniacal  compounds  :  no  change  (ex.  elhylaniine,  ethene-diamine). 
The  bodies  where  the  bivalent  group — XH — clf>ses  a  chain  fonncd  of  posi- 
tive radicals  will  be  called  imiues  (ex.  ethene-imine). 

Phosphines,  arsines,  stibines,  sul fines  :  the  nomenclature  in  use  is  re- 
tained. 

36.  Hydroxy laniine  :  this  name  is  retained. 

37  Oximes  :  will  be  designated  l)y  following  the  rules  at  present  admit- 
ted :  the  isonitroso  bodies  will  be  called  oximes. 

(Ex.  CH(NOH).CH,.CH,Cn3     I  Butanoxione. 
CH3.CH.,C(NOn).CII:.     2  Hutanoxime.) 
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A  METHOD  FOR  THE  lODOMETRIC  DETERMINA- 
TION OF  NITRATES.* 

By  F.  a.  Goocii  and  H.  W.  (^ruhnkk. 

It  has  been  shown  by  DeKoniuck  and  Nihoulf  that  nitrates 
may  be  decomposed  completely  by  the  prolonged  action  of  gaseous 
hydrochloric  acid,  and  determined  with  accuracy  by  measuring 
the  iodin  set  free  when  the  products  of  decomposition,  carefully 
kept  from  atmospheric  contamination,  act  upon  potassium  iodid. 
These  investigators  recognized  the  difficulties  attending  the  use  of 
gaseous  hydrochloric  acid  in  analytical  processes,  and  endeavored 
unsuccessfully  to  substitute  the  strong  aqueous  solution  for  the 
gaseous  acid.  The  work  to  be  described  in  the  following  account 
was  performed  in  the  search  for  a  simpler  method  for  the  iodometric 
detennination  of  nitrates. 

According  to  a  process  recently  devoloped  in  this  laboratory  J 
chloric  acid  may  be  determined  with  the  greatest  ease.  It  was 
shown  that  in  the  interaction  of  a  chlorate  with  potassium  iodid, 
arsenic  acid,  and  sulfuric  acid,  in  regulated  quantities  in  aqueous 
solution  and  at  the  boiling  temperature,  the  first  action  of  the 
hydriodic  acid  set  free  from  the  iodid  by  the  sulfuric  acid  is  upon 
the  chloric  acid,  and  that  not  until  this  action  is  completed  is  the 
arsenic  acid  attacked  and  reduced  with  the  simultaneous  libera- 
tion of  a  corresponding  amount  of  iodin.  If  the  arsenic  acid  is 
taken  in  quantity  sufficient  to  in.sure  the  final  decomposition 
of  the  entire  amount  of  iodid  present,  the  arsenious  acid  found 
at  the  end  of  the  action  is  an  exact  measure  of  the  amount 
of  iodid  which  escaped  the  action  of  the  chlorate  ;  and,  the 
quantity  of  iodid  originally  taken  being  known,  the  amount 
acted  upon  by  the  chlorate,  and  so  the  amount  of  the  chlorate 
itself,  becomes  known.  The  arsenious  acid  is  determinable  with 
Pwt  accuracy  iodometrically,  and  the  chief  advantage  of  the 
process  lies  in  the  fact  that  the  titration  is  made  upon  the 
'^idue,  and  that,  no  collection  of  the  distillate  being  necessary, 
the  sole  apparatus  employed  in  the  process  proi)er  is  an  ICrlen- 
nieyer  beaker  and  a  bulbed  tulx.'  hung  in  its  nct?k  as  a  trap  to 
prevent  mechanical  loss. 

*A"»-  J.  Sci.,  August,  1H92. 

*Z«l*chr.  fUr  angewandte  Chemie.  i^/*.  p.  477. 

JOcioch  and  Smith.  Am.  J.  Sci.  vol,  xlii.  \).  220. 
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This  process  we  endeavored  to  apply  to  the  determination  of 
nitrates,  but  under  none  of  the  many  variations  of  form  and 
changes  of  conditions  under  which  we  tested  it.  were  we  able  to 
secure  complete  decomposition  of  the  nitrate  without  so  increasing 
the  strength  of  the  sulfuric  acid  that  it  was  acted  upon  by  hy- 
driodic  acid  with  the  consequent  unregistered  escape  of  products 
of  decomposition. 

The  endeavor  to  substitute  a  process  essentially  similar  in  prin- 
ciple, in  which  hydrochloric  and  antimonic  acids  should  replace 
the  sulfuric  and  arsenic  acids,  proved  likewise  unsuccessful. 

Abandoning  therefore  all  attempts  to  so  arrange  the  process  that 
the  oxidizing  action  of  the  nitrate  should  be  registered  in  the  res- 
idue, search  was  made  for  a  reagent  which  should  be  capable  of 
inducing  easy  decomposition  of  nitrates  (after  the  manner  of  ferrous 
salts  in  acid  solution)  and  yet  (unlike  ferrous  salts)  should  be  so 
readily  restored  to  its  primitive  condition  that  the  products  of  the 
oxidizing  action  of  the  nitrate  should  finally  pass  entirely  to  the 
distillate  and  be  registered  there.  We  have  found  the  desired  com- 
bination of  qualities  in  manganous  chlorid  dissolved  to  saturation 
in  concentrated  hydrochloric  acid.  This  reagent  is  acted  upon  but 
slowly  by  nitrates  at  the  ordinary  temperature,  but,  upon  warming, 
the  nitrate  begins  at  once  to  decompose  with  the  formation  of  a 
higher  chlorid  of  manganese  and  liberation  of  nitric  oxid.  Ulti- 
mately if  the  heating  is  continued  the  chlorid  of  the  higher  chlor- 
ids  is  evolved  and  manganous  chlorid  remains.  During  the 
process  of  heating  the  color  of  the  solution  passes  from  the  origi- 
nal characteristic  green  through  darker  shades  to  black  and  returns 
by  the  reverse  changes  to  the  original  tint.  The  decomposition  of 
the  nitrate  extends  under  the  conditions  to  the  last  traces,  but  the 
breaking  up  of  the  nitrates  with  the  formation  of  the  higher  chlorid, 
does  not  take  place  completely  in  the  presence  of  water  amount- 
ing to  more  than  a  third  of  the  volume  of  the  solution,  and  an  ac- 
tion already  established  in  strong  acid  is  reversed  by  the  addition 
of  a  large  amount  of  water.  Chlorates,  peroxids,  and  other  sub- 
stances which  liberate  oxygen  or  chlorin  when  in  contact  with 
strong  hydrochloric  acid  induce  similar  phenomena,  but  in  the  ab- 
sence of  such  other  substances  the  reaction  serves  to  detect  nitrates 
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\rhen  present  in  fairly  small  amounts  (perhaps  one  part  in  sixty 
thousand)  as  shown  in  the  accompanying  table : 


KNO, 
taken. 

MnCU,4n«0 
ill  strong:  HCl. 

Color 
(level*  ipeii. 

O.oiooo  gm. 

10  CC. 

Black. 

0.00500 

5 

Black. 

O.OOIOO 

5 

Dark  brown. 

0.00050 

5 

Dark  green. 

0.00025 

5 

Deepened  tint 

0.00015 

5 

Deepened  tint 

0.00005 

5 

None. 

0.00000 

5 

None. 

In  the  first  attempts  to  apply  this  reaction  to  the  quantitative 
estimation  of  nitrates,  10  cc.  of  the  manganoiis  mixture,  the  pure 
weighed  nitrate,  and  an  excess  of  potassium  i(xlid  were  put  in 
a  tubulated  retort  fitted  with  a  hollow  ground  stopper  drawn  out 
at  both  ends  so  as  to  serve  for  the  introduction  of  carbon  dioxid 
evolved  in  a  Kipp's  generator  charged  with  marble  and  acid  pre- 
viously boiled.  The  neck  of  the  retort  passed  through  a  rubber 
stopper  nearly  to  the  bottom  of  a  side-neck  Erleiimeyer  flask, 
used  as  a  receiver,  in  the  mouth  of  which  the  stopi^er  fitted  tightly. 
The  side  neck  of  the  receiver  was  joined  by  a  rubber  connector 
with  a  bent  glass  tube  passing  through  a  rubber  stopper  and  reach- 
ing  nearly  to  the  bottom  of  a  side-neck  test  tube  into  the  mouth 
of  which  the  stopper  was  fitted. 

The  first  receiver  contained  hydrogen  sodium  carbonate  in  ex- 
^*ss  of  the  amount  needed  to  neutralize  the  acid  in  the  retort  as  it 
should  distill  over,  a  considerable  quantity  of  potassium  iodid 
(about  3  gm.)  to  aid  in  dissolving  condensed  iodin,  and  arsenious 
oxid  in  known  amount  and  in  excess  of  the  quantity  necessar}' 
to  convert  to  hydriodic  acid  the  free  iodin  evolved.  Tlie  second 
smaller  receiver  was  partly  filled  with  a  dilute  solution  of  potas- 

• 

smm  iodid  and  hydrogen  sodium  carbonate.  The  current  of  car- 
^n  dioxid  was  started  immediateh'  upon  introducing  the  coii- 
t^tsof  the  retort,  and  the  air  was  safely  removed  before  the  dark- 
^^Dg  of  color,  which  begins  to  api>ear  very  soon,  liad  spread 
through  the  liquid.  Heat  was  applied,  and  the  evolution  of  nitric 
oxid  and  later  that  of  iodin  began.  The  distillation  was  con- 
tinued until  nearly  all  the  liquid  had  passed  over.     Finally,  the 
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contents  of  both  receivers  were  united  and  titrated  against  deci- 
normal  iodin.  The  excess  of  arsenious  oxid  remaining  unoxi- 
dized  was  taken  as  the  measure  of  the  iodin  lil)erated  and,  accord- 
ingly, of  the  nitrate  decomposed,  upon  the  presumption  that  two 
molecules  of  the  nitrate  liberate  ultimately  six  atoms  of  iodin 
according  to  the  equation. 

2HNO,-f  6HI--  4H,0^  2NO+3II. 

The  choice  of  the  solution  for  the  retention  of  the  halogen  evolved 
was  dictated  by  the  cx)nsideration,  in  the  first  place,  that  very  little 
iodin  could  pass  through  the  alkaline  arsenite  to  come  into  contact 
with  the  rubber  stopper  of  the  receiver  on  the  way  to  the  second 
absorbing  liquid,  and,  secondly,  that  higher  oxids  of  nitrogen  re- 
formed by  the  action  of  traces  of  air  possibly  introduced  with  the 
carl)on  dioxid  or  imperfectly  removed  by  it  could  not  liberate  io- 
din from  an  iodid  in  alkaline  solution. 

The  iodid  was  introduced  into  the  retort  because  having  chosen 
to  collect  the  halogen  in  alkaline  solution  it  became  necessary  to 
take  steps  to  break  up,  before  it  should  reach  the  receiver,  all 
nitrosyl  chlorid,  the  formation  of  which  our  experience  in  former 
lines  of  work  not  here  detailed  had  led  us  to  expect  under  the  cir- 
cumstances. In  acid  solution  containing  an  iodid,  nitrosyl  chlorid 
liberates  iodin  and  is  registered ;  in  alkaline  solution  it  breaks 
up  with  the  formation  of  a  chlorid  and  a  nitrite,  the  latter  having 
no  immediate  action  upon  the  arsenite.  The  results  of  experi- 
ments made  in  this  manner  arc  recorded  in  the  accompanying  table 

Table  I. 


KN(»,T 
tukcn, 

KI  in 
retort. 

MnCl- 
mixtuff. 

KNO, 
found. 

Error. 

0.1036  gill. 

O.S; 

gni. 

ro  cc. 

0. 1009  gm. 

0.0027  gl"- — 

0. 1(»S3 

1 1 

O.S 

<  ( 

10 

ii 

0.1082 

It 

o.oooi     *•  — 

0.  i(.)64 

1  • 

0-8 

1 1 

10 

<i 

0.1053 

if 

O.OOII      **   — 

0.1068 

1 1 

o.S 

(1 

TO 

«( 

0.1033 

It 

0.0035      "   — 

0.0551 

tt 

o.S 

li 

10 

i< 

0.0531 

1  i 

0.0020      "  — 

The  experiments  of  Table  II  were  carried  out  in  a  manner  es- 
sentially .similar  to  that  of  the  experiments  of  Table  I,  excepting 
tlie  single  point  that  the  iodin  evolved  in  the  process  of  decompo- 
sition of  the  nitrate  was  received  in  potasssium  iodid  instead  of  in 
an  alkaline  arsenite.  The  contents  of  the  receivers  were  united, 
made  alkaline  with  hydrogen  sodium  carlxMiate,  treated  with  an 
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excess  of  decinormal  arsenious  acid,  and  the  unoxidized  arseiiious 
acid  was  determined  by  decinormal  iodin. 

Table  //. 


KNO, 
taken 

Klin 
retort. 

MnCl] 
mixture. 

KNOj 
found. 

Error. 

0.2039  gm. 

1.6 

gm. 

20  cc. 

0.2025  g"l- 

0.0014  gill. — 

0.1060 

0.8 

ID 

0.1035 

0.0025 

0.1036 

0.8 

10 

O.IO16 

0.0020 

aioi3 

0.8 

ID 

0.1002 

O.OOII 

0.0521 

0.5 

10 

0.0521 

0.0000 

0.0235 

0.5 

5 

0.0227 

0.0008 

"  — 

0.0273 

0.5 

5 

0.0262 

0.00 1 1 

0.0136 

0.2 

5 

0.0132 

o.OfX>4 

aooii 

0.2 

5 

0.0009 

0.0002 

The  errors  of  both  sets  of  experiments,  those  of  Table  I  and 
those  of  Table  II,  are  considerable,  all  lie  in  the  same  direction, 
and  are  indicative  of  too  low  registering  of  the  action  of  the  nitrate, 
since  of  the  complete  decomposition  of  the  nitrate  there  can  be  no 
reasonable  doubt  in  view  of  the  proved  l>ehavior  of  the  manganese 
salt  toward  small  amounts  of  nitrates.  To  us  it  seemed  probable 
that  the  explanation  of  these  results  was  to  be  sought  in  the  fail- 
ure of  the  titration  in  alkaline  solution  to  indicate  completely  all 
the  final  products  of  the  action  of  the  nitrate.  The  formation,  even 
in  small  amounts,  of  compounds  of  nitric  oxid  with  iodin  analo- 
gous to  those  which  we  know  to  be  formed  with  bromin  and  chlo- 
rin.  or  the  partial  reoxidation  of  the  nitric  oxids  by  the  action  of 
iodin  with  the  aid  of  water,  an  action  which  we  recognize  as  pos- 
sible under  certain  conditions  of  dilution,  would  account  satisfac- 
torily for  the  deficiency  in  the  results  of  titration  effected  in  alka- 
line solution.  Upon  this  presumption  the  simple  and  obvious 
modification  of  titrating  in  acid  solution  should  correct  the  error. 

Accordingly  in  the  following  series  of  experiments  the  plan  of 
collecting  the  halogen  and  titrating  in  alkaline  solution  was  aban- 
doned, and  since  the  addition  of  an  iodid  to  the  retort  was  no 
longer  essential  this  practice  was  discontinued.  The  products  of 
the  action  of  the  nitrate  upon  the  manganese  mixture — chlorin, 
nitric  oxid  and  perhaps  nitrosyl  chlorid. — were  received  directly 
m  potassium  iodid,  and  the  iodin  set  free  was  titrated  by  sodium 
thiosulphate.  itself  standardized  against  iodin  of  known  value  with 
respect  to  a  standard  solution  of  decinormal  arsenious  oxid. 
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.uitable  time  had  elapsed  for  the  removal  of  air  heat  was  applied 
to  the  retort  and  the  distillation  was  continued  until  nearly  all  the 
liquid  had  passed  over.  Finally  the  contents  of  the  receivers  were 
united,  the  washing  of  the  bulbs  was  effected  easily  and  expedi- 
tiously by  passing  the  wash-water  directly  through  retort  and  re- 
ceiver {\he  introduction  of  the  manganese  chlorid  into  the  dis- 
tillate being  not  at  all  prejudical  to  the  accuracy  of  the  titration), 
and  the  estimation  of  free  iodin  made  by  sodium  thiosulphate  as 
described.  The  results  of  the  experiments  conducted  in  this  man- 
ner are  given  in  Table  III. 

These  results  are  fairly  satisfactory.  The  mean  error  of  the 
entire  series  is  practically  nothing.  The  manipulation  is  easy  and 
rapid. 

In  brief,  the  process  which  gives  us  these  results  consists  in  the 
distillation  of  the  mixture  of  the  nitrate  with  a  saturated  solution 
of  crystallized  manganous  chlorid  in  strong  hydrochloric  acid  in 
an  atmosphere  of  carbon  dioxid,  the  passage  of  the  products  of 
action  into  potassium  iodid,  and  the  titration  of  the  liberated  iodin 
by  sodium  thiosulphate.  It  is  important  to  take  precautions  to 
prevent  the  contact  of  the  free  halogen  with  rubber  stoppers  or 
connectors,  and  any  apparatus,  suitable  for  ordinary  quantitative 
distillation  and  absorption,  which  meets  this  condition  will  proba- 
bly answer  the  requirements  of  the  process.  Our  own  preference 
is  for  the  apparatus  described  and  figured. 

Tad/e  III. 


Krrf>r 

Krror 

KN03 

M11CI9 

KNO^ 

in  tcrm« 

iof 

in  ttrrins  of 

taken 

1. 

mixture. 

found. 

KNO.,. 

UNO 

0.203S  gni. 

20  CC. 

0.2047  gm. 

0.0009  J^"'-  " 

o.o<x)5 

gm. 

0.2053 

20 

0.2057 

O.CX>)4 

• 

O.lXX)"^ 

0. 1032 

10 

0. 1035 

0.0003 

(J.(.XX)2 

O.IOI7 

10 

0.  icx)4 

0.0013 

<).cx<)S 

0. 1049 

10 

0. 1049 

O.fXXX) 

0.0«XX) 

0. 1027 

10 

0. 1023 

o.«xxj4 

().(K)()^ 

0.0524 

« 

10 

0.0526 

0.0002 

*' 

O.fXX)! 

0.0513 

10 

0.0512 

O.OOOI 

0.«X.XM 

0.0354 

lO 

0.0350 

u.cK)o4 

o.t)ix)3 

0.0232 

lO 

0.0230 

O.CXXJ2 

*' 

0.«XX)I 

0.0107 

5 

0.0106 

0.0004 

''     -  - 

().(X¥»I 

0.0127 

5 

0.0130 

<).ixx)3 

"     --- 

0.iHX»2 

0.0145 

5 

0.0143 

0.0002 

«).(MX.)I 

0.0053 

5 

0.0052 

O.tXX)! 

(J.  01  XI I 

0.0043 

5 

o.(.K)47 

o.ixx>4 

"     — 

t).rxx)3 

0.0014 

5 

0.00 1 S 

c\ixxi4 

O.lXX)^ 

0.0000 

5 

0.0000 

D.CXXIO 

o.rxxx) 
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The  titration  should  be  completed  as  soon  as  may  be  after  ad- 
mitting air  to  the  distillate  in  order  that  traces  of  dissolved  nitric 
oxid  may  not  be  reoxidized  and  again  react  upon  the  iodid  pre- 
sent to  lil)erate  more  iodin. 

CAN  ARSENIC  BE  QUANTITATIVELY  VOLATILIZED 

AS  ARSENIC  HYBRID?* 

By  F.  W.  Schmidt. 

The  question  whether  arsenic  can  be  quantitatively  volatilized 
as  arseniuretted  hydrogen  has  often  been  discussed.  It  was  nat- 
ural to  utilize  the  beautiful  reaction  for  quantitative  determinations 
in  which  arseniuretted  hydrogen  in  contact  with  a  dilute  solution 
of  silver  is  transfonned  into  arsenious  acid  and  metallic  silver. 
But  in  by  far  the  most  cases  the  researches  undertaken  for  this 
purpose  have  led  to  no  result,  since  it  was  not  found  practicable 
to  convert  entirely  either  arsenic  or  antimony  into  volatile  hydro- 
gen compounds,  though  we  find  in  literature  indications  that  this 
has  iDeen  effected  in  certain  cases,  especially  when  the  quantities  of 
arsenic  were  only  small.  Still  no  decisive  conclusion  was  reached, 
and  Fresenius  pronounces  a  severe  condemnation  (^Lchrbuch  der 
Quantitativen  AnalysCy  1,  641),  on  all  gravimetric  processess 
founded  upon  the  volatility  of  arseniuretted  and  antimoniuretted 
hydrogen. 

If  I  felt  induced  to  resume  experiments  in  this  direction  it  was 
because  an  observation  had  shown  that  the  entire  arsenic  present 
in  commercial  zinc-powder  could  be  volatilized  as  arseniuretted 
hydrogen  on  treatment  with  hydrochloric  acid.  The  following 
method  w*as  therefore  adopted. 

In  the  first  place  the  accuracy  of  the  above  mentioned  observa- 
tion had  to  be  quantitatively  confirmed.  10  gms.  of  commercial 
zinc-powder  were  carefully  dissolved  in  concentrated  nitric  acid 
(concentrated  acid  was  used  to  prevent  the  volatilization  of  traces 
of  arsenic),  the  nitric  acid  present  was  expelled  by  evaporating 
down  the  solution  obtained  on  the  water-bath  along  with  concen- 
trated hydrochloric  acid,  and  after  reducing  the  arsenic  acid  by 
means  of  ferrous  chlorid  the  arsenic  was  distilled  over  as  AsCl, 
according  to  E.  Fisher's  process.  The  arsenic  was  then  de- 
termined in  the  distillate  as  trisulphid  in  the  ordinary  man- 
ner, whence  it  appeared  that  the  commercial  zinc-powder  con- 
tained 0.04  per  cent,  of  metallic  arsenic.     As  a  check,  a  second 
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portion  of  10  gms.  of  the  zinc-powder  was  submitted  to  the  same 
operation,  the  ASCI3  driven  over  on  the  addition  of  an  excess  of 
ferrous  chlorid,  the  distillate  supersaturated  with  sodium  bicar- 
bonate, and  the  arsenic  titrated  by  means  of  decinormal  solution 
ofiodin;  the  1.16  cc.  of  the  solution  consumed  represent  in  the 
same  manner  0.04  per  cent,  of  metallic  arsenic. 

As  the  proportion  of  arsenic  in  the  zinc  ix)wder  was  thus  estab- 
lished" I  could  proceed  to  the  determination  of  the  arsenic  in  the 
fbrmofarseniuretted  hydrogen.  The  apparatus  used  for  this  pur- 
pose consisted  of  a  round  flask  of  the  capacity  of  200  cc.  fitted 
with  a  dropping  funnel  and  a  gas-delivery  tube  leading  to  three 
absorption  vessel^  each  holding  100  cc.  The  flask  is  placed  upon 
a  water-bath  so  that  the  reaction  may  be  assisted  by  heat.  The 
distance  of  the  first  absorption  vessel  from  the  round  flask  is  at 
least  20  cc.,  so  that  the  liquid  in  the  former  may  not  lx?c(mie  heated. 
The  first  absorption  vessel  is  half  filled  with  a  solution  of  silver  of 
the  concentration  i  150;  the  seccmd  contains  silver  solution  of  the 
concentration  i  :  10,  and  the  third  contains  bromo-hydrochloric 
acid.  Ten  grams  of  the  commercial  zinc-powder  were  weighed  in- 
to the  round  flask  ;  the  substance  was  moistened  through  with 
water,  the  apparatus  is  connected  together,  and  hydrochloric  acid 
(i  vol.  concentrated  acid  diluted  with  1  vol.  water),  is  gradually 
introduced  by  the  dropping  funnel.  The  gas  liberated  at  once  de- 
posited black  metallic  silver  in  the  first  absorption  vessel.  As 
soon  as  the  escape  of  gas  became  sluggish  the  flame  was  liglited 
beneath  the  water-bath  and  when  the  zinc-powder  was  fully  dis- 
solved a  slow  current  of  hydrogen  previously  washed  in  silver  so- 
lution (i  :  10 ),  and  consequently  free  from  arsenic,  was  passed 
through  the  apparatus  for  about  half  an  hour  so  as  to  sweep  the 
wst  traces  of  arseniu retted  hydrogen  out  of  the  round  flask.  The 
contents  of  the  third  absorption  vessel,  and  the  lifjuid  in  the  round 
fesk,  were  found  on  careful  examination  utterly  free  from  arsenic  ; 
all  the  arsenic,  therefore,  as  in  the  first  observation,  had  been  vol- 
atilized as  a  hydrogen  compound,  and  at  the  same  time  the  trans- 
formation of  the  arseniuretted  hydrogen  with  the  silver  solution 
was  completed  in  the  .second  ab.sorption  vessel,  so  that  the  third 
contained  not  a  trace  of  arsenic.  From  the  contents  of  the  first 
and  second  absorption  vessel,  the  excess  of  silver  wa^  separated  by 
means  of  sodium  chlorid,  and  the  arsenic  in  the  filtrate  from  the 
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silver  chlorid,  after  an  addition  of  sodium  bicarbonate,  was  titra- 
ted with  deciuormal  solution  of  iodin.  There  were  again  used, 
until  a  blue  color  appeared,  1.16  cc.  of  the  standard  solution  cor- 
responding to  0.04  per  cent,  of  metallic  arsenic  in  the  commercial 
zinc-powder. 

This  result  rendered  it  very  probable  that  the  complete  volatil- 
ization of  the  arsenic  from  zinc-powder  in  the  state  of  arseniuretted 
hydrogen  depends  on  the  presence  of  tlie  arsenic  in  the  zinc-pow- 
der as  a  zinc  arsenid,  or  else  in  an  exceedingly  finely  divided 
metallic  state  which  energetically  assists  the  quantitative  conver- 
sion of  the  arsenic  into  its  hydrogen  compound.  A  quantitative 
volatilization  must  therefore  be  attainable  also  in  other  cases  if  the 
arsenic  is  converted  into  a  state  analogous  to  combination  or  to 
fine  metallic  sub-division. 

To  decide  the  correctness  of  this  assumption  there  were  intro- 
duced into  the  round  flask  of  the  apparatus  described  above,  in  ad- 
dition to  30  gms.  of  pulverized  zinc  (zinc  can  be  readily  pulverized 
at  205°),  20  cc.  of  a  I  per  cent,  solution  of  arsenic  containing  o.  1 19 
gm.  of  arsentrioxid.  (One  gm.  of  commercial  arsenious  acid  was 
dissolved  in  100  cc.  of  water ;  20  cc.  of  this  solution  consumed 
40.2  cc.  decinormal  iodin,  corresponding  to  0.199  S^  pure  arsen- 
trioxid). The  first  absorption  vessel  was  again  charged  with  so- 
lution of  silver  i  :  50,  the  second  and  third  with  solution  silver  at 
I  :  10.  After  the  apparatus  was  put  together,  hydrochloric  acid 
(1:1)  was  again  allowed  to  enter  by  means  of  the  dropping  fun- 
nel as  before,  heat  was  applied  until  the  zinc  was  entirely  dissolved, 
and  finally  hydrogen  free  from  arsenic  was  passed  through  the  ap- 
paratus. The  titration  of  the  contents  of  the  absorption  vessels 
(after  precipitating  the  excess  of  silver  by  means  of  sodium  chlo- 
rid,  etc.)  used  only  38.4  cc.  decinormal  solution  of  iodin,  which 
corresponds  to  0.190  gm.  arsenious  acid  ;  hence  nearly  5  per  cent, 
of  the  original  quantity  of  arsenic  had  remained  in  the  round 
flask, — a  result  which  confirms  those  formerly  obtained  by  other 
authors. 

Now  came  the  decisive  experiment,  which  was  effected  in  the 
same  manner  with  20  cc.  of  the  i  per  cent,  solution  of  arsenic  and 
30  gms.  of  powdered  zinc.  When  after  heating  for  one  hour  the 
development  of  arsenic  became  sluggish,  there  was  added  to  the 
contents  of  the  round  flask  through  the  dropping-funnel  an  agent 
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calculated  to  produce  a  state  of  the  arsenic  analogous  to  "  combi- 
nation or  fine  metallic  distribution,"  /.  f.,  a  hydrochloric  solution 
of  stannous  chlorid  (obtained  by  dissolving  non-arseniferous  tin 
foil  in  concentrated  hj'drochloric  acid). 

At  the  moment  when  this  solution  was  dropped  into  the  round 
flask  there  appeared  at  once  a  turbidity  and  then  a  dark  precipita- 
tion. Both  the  turbidity  and  the  precipitate  disappeared  in  a  few 
minutes  after  a  little  platinum  chlorid  had  been  added  to  re-ani- 
mate the  development  of  hydrogen,  and  the  liquid  resumed  its  for- 
mer appearance.  The  application  of  heat  was  still  continued  for 
about  15  minutes,  and  a  current  of  hydrogen  free  from  arsenic  was 
then  passed  through  the  apparatus  for  about  the  same  time.  The 
titration  of  the  contents  of  the  absorption  vessels  then  showed  ex- 
^lyo.ii9gm.  of  arsenious  acid,  since  40.2  cc.  decinormal  iodin 
solution  were  required  for  its  conversion  into  arsenic  acid.  The 
^idue  in  the  round  flask,  on  careful  examination  showed  no  trace 
of  an  arsenical  reaction. 

Hence  it  follows  with  great  probability  that  the  alx)ve  assump- 
tion is  correct,  though  it  is  conceivable  that  the  stannous  chlorid 
ID  addition  to  its  property  of  precipitating  arsenic  in  a  very  finely- 
divided  metallic  condition,  has  al.so  a  catalytic  action,  since  stan- 
nous chloride  is  continually  regenerated  in  the  liquid.  Its  fnodus 
^randi  is  further  explained  by  the  following  observations.  After 
Proceeding  as  usual,  and  as  the  zinc  in  the  round  flask  was  chiefly 
dissolved,  solution  of  stannous  chloride  containing  i  or  2  gms.  of 
Dietallic  tin  was  allowed  to  flow  slowly  in  through  the  dropping 
fcnnel.  The  tin  was  by  degrees  rather  quickly  separated  out  as  a 
^gy  mass,  which  dissolved  only  slowly  on  the  addition  of  con- 
^trated  hydrochloric  acid,  but  could  be  easily  dissolved  with  a 
Wsk  escape  of  hydrogen  on  the  addition  of  a  little  platinum  chlo- 
^'  These  spongy  masses  were  taken  out  of  the  liquid  for  closer 
lamination  and  washed  in  distilled  water.  It  was  then  found 
that  they  had  taken  up  the  main  part  of  the  arsenic  present  in  the 
^uid  which  retained  only  traces.     Whether  in  this  case  the  arse- 

■ 

mc  as  separated  really  combines  with  the  tin  as  tin  arsenid.  or  if 
the  arsenic  remains  in  the  spong>'  tin  in  a  state  of  fine  metallic  di- 
™on,  must  be  left  undecided. 

In  a  check  experiment  the  following  conditions  were  observed. 
As  working  with  the  apparatus  above  described  offers  the  incon- 
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black  silver  antimonid,  upon  which  behavior  the  separation  of 
both  elements  may  possibly  be  based. 

This  profound  difference  in  the  behavior  of  both  hydrogen 
compounds  with  dilute  solutions  of  silver  is  also  theoretically  in- 
teresting. If  we  reflect  that  in  the  oxygen  compounds  of  the  triv- 
alent  elements,  N,  P,  As,  Sb,  consequently  in  N^Og,  P^O^,  As^Oj, 
Sb^,  the  acid  character  continually  decreases,  and  that  with 
higher  atomic  weights  basic  characters  become  more  perceptible, 
and  that  in  the  corresponding  hydrogen  compounds,  NH^,  PHj, 
AsH,,  SbH,,  the  behavior  is  exactly  the  reverse,  we  are  inclined 
to  ascribe  to  antimony  hydride  faintly  acid  properties  which  come 
deariy  into  evidence  in  their  action  upon  dilute  silver  solutions. 
For  the  recognition  of  antimony  hydrid  as  a  feeble  acid — feebler 
than  hydrogen  sulfid — we  have  the  testimony  of  the  occurrence 
in  nature  of  silver  antimonid,  whilst  silver  arsenid  is  known  neither 
chemically  nor  as  a  mineral. 

The  above  described  method  is  a  simple  means  for  the  determi- 
nation of  arsenic,  and  is  the  more  important  in  toxicology,  as  in 
forensic  inquiries  arsenic  is  almost  exclusively  recognized  by  the 
Marsh  test. 

NEW  METHODS  OF  EvSTlMATiNG  CHROMIUM  IN 
FERRO-CHROMIUM  AND  STEEL.* 

Bv  JoiiN  Clakk,  Ph.D. 
KERRO-CHROMIVM. 

On  account  of  its  technical  importance  the  estimation  of  chromium 
m  ferro-chromium  has  engaged  the  attention  of  a  considerable 
'Jnmber  of  chemists,  but  the  processes  hitherto  published  are  for 
"^cmost  part  ver>'  tedious.  This  is  to  a  large  extent  due  to  the 
difficulty  which  is  experienced  in  getting  the  whole  of  the  chromium 
jnto  solution,  as  alloj-s  rich  in  chromium  are  only  partially  soluble 
w  nitric,  sulfuric,  or  hydrochloric  acids,  or  even  aqua  regia. 

H.  N.  Warren,  it  is  true  {^Chem.  Nru^Sy  65,  186),  states  that 
lerro-chromium  is  readily  dissolved  by  heating  with  strong  sul- 
fcric  acid,  but  I  have  not  succeeded  in  completely  dissolving  in 
Biisway  the  alloys  which  1  have  had  occasion  to  test,  the  l)est 
result  obtained  after  heating  with  ILSO,  for  a  day  giving  S.9  per 
cent,  of  insoluble  chromium,  and  as  they  frequently  contain  alumi- 

*JSoc.  Chem.  Ind..  11,  501. 
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num  his  method  of  estimating  the  chromium  by  weighing  the  pre- 
cipitates of  oxids  of  chromium  and  iron,  and  deducting  the  iron  is, 
in  mj'  opinion,  scarcely  entitled  to  be  called  accurate.  According 
to  R.  SchofFel  (^Ber,  Deutsche  Chtfn.  1879,  1863)  even  direct  fusion 
with  carbonate  of  soda  and  nitrate  of  potash  is  of  no  use,  and  he 
therefore  recommends  that  the  greater  portion  of  the  iron  of  the 
ferro-chromium  should  be  dissolved  out  with  the  double  chlorid 
of  copper  and  sodium  or  ammonium,  and  the  residue  fused  with 
carbonate  of  soda  and  nitrate  of  potash,  but  he  admits  that  this 
process  is  not  suitable  for  alloys  containing  more  than  8  per  cent, 
of  chromium. 

A.  Ziegler  states  that  ferro-chromium  can  be  dissolved  by  fusion 
with  a  large  excess  of  bisulfate  of  potash  or  soda,  but  he  recom- 
mends {Ding,  279,  163)  that  the  ferro-chromium  should  be  fused 
with  a  mixture  of  6  parts  of  caustic  soda  and  3  of  nitrate  of  potash 
and  the  chromium  in  the  solution  twice  precipitated  with  ammonia 
after  evaporation  to  dryness  with  hydrochloric  acid  to  render  the 
silica  insoluble.  In  addition  to  this,  the  portion  insoluble  in  water 
is  dissolved  in  hydrochloric  acid,  and  the  oxid  of  iron  tested  for 
chromium. 

In  1 87 1  {Chem.  Ncivs^  24,  286  and  304)  I  published  a  new 
method  of  estimating  chromium  in  chrome  iron  ore,  depending  on 
the  oxidation  of  the  chromium  by  means  of  a  mixture  of  caustic 
soda  and  magnesia,  and  subsequent  titration  of  the  chromic  acid. 
In  1877,  ^r  fully  five  j-ears  afterwards,  this  process  was  reproduced 
by  A.  Christomanos  as  his  owti  in  a  paper  read  before  the  German 
Chemical  Society  {Ber.  Deutsch.  Chem,  10,  16).  I  did  not  observe 
this  publication  at  the  time  and  would  have  taken  no  notice  of  it 
now,  but  I  find  that  in  Roscoe  and  Schorlemmer's  Treatise  on 
Chemistry  (2,  Part  2,  p.  183),  Christomanos  is  referred  to  in 
a  foot-note  as  the  author  of  the  process,  and  I  therefore  take  this 
opportunity  of  pointing  out  my  claim  to  priority.  This  process  is 
very  suitable  for  ores  or  oxid  of  iron  precipitates,  as  the  oxid  of 
chromium  is  readily  converted  into  chromic  acid  at  the  tempera- 
ture of  a  Bunsen  flame,  but  on  applying  it  to  poor  ferro-chro- 
mium under  the  same  conditions  so  little  oxidation  took  place 
that  I  concluded  it  was  necessary  to  oxidize  the  chromium  be- 
fore it  could  be  converted  into  chromic  acid  by  soda  and  mag- 
nesia.    Unfortunately,  ferro-chromium  is  only  partially  oxidized 
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in  tlie  muffle  or  over  a  blow-pipe,  and  even  when  heated  in 
pure  oxygen  by  means  of  a  gas  combustion  funiace  oxida- 
tion takes  place  ver>'  slowly.  I  found,  however,  on  repeating 
my  experiments  with  rich  alloys  of  chromium,  that  when  the  tem- 
perature was  lowered  to  a  point  at  which  it  seemed  scarcely  possi- 
ble that  any  action  could  take  place  the  ferro-chroniium,  even  when 
in  coarse  powder,  was  readily  and  rapidly  oxidized  by  the  soda 
and  magnesia  without  the  use  of  an  oxidizing  agent  such  as  chlo- 
rate or  nitrate  of  potash,  any  excess  of  which  would  interfere  with 
the  subsequent  titration  of  the  chromium. 

A'fagnesia  and  Soda  Process. — One  gram  of  the  finely  pulverized 
ferro-chromium  is  intimately  mixed  in  a  platinum  crucible  with  5 
gms.  of  magnesia  mixture,  consisting  of  two  parts  of  freshly  cal- 
cined magnesia,  and  three  parts  of  finely  pulverized  hydrate  of  so- 
dium, and  the  crucible  is  placed  over  a  low  Bunsen  finme  in  such 
a  manner  that  only  the  point  of  the  flame  touches  the  bottom  of 
the    crucible.     Oxidation    begins  almost   immediately,  and  takes 
plice  so  rapidly  that  the  contents  of  the  crucible  actually  glow  for 
several  minutes.     After  heating  at  this  temperature  for  about  half 
an  Hour  without  stirring,  the  flame  is  raised  and  the  bottom  of  the 
cnicible  maintained  at  a  dull  red  heat  for  another  half  hour.     The 
contents,  which  consist  of  an  adherent  powder,  are  then  washed  into 
a  porcelain  basin  and  boiled  for  some  minutes  to  dissolve  out  the 
chroniate,  which  is  either  pure  yellow  or  slightly  green  in  color  if 
manganese  is  present.     To  decompose  the  manj^anate  peroxid  of 
hydrogen  is  added  drop  by  drop  till  there  is  no  further  change  of 
color,  and  after  boiling  for  a  few  minutes  to  remove  any  excess  of 
peroxid  of  hydrogen  the  solution  is  filtered,  acidified  with  sulfuric 
acid,  and  the  chromium  estimated  by  adding  an  excess  of  ferrous 
ammonium  sulfate,  and  titrating  the  unoxidized  iron  with  a  stand- 
ard solution  of  bichromate  of  potash.     Although  the  bulk  of  the 
chromium  is  rendered  soluble  in  the  first  fusion,  a  little  always 
escapes  oxidation.     To  extract  this  the  insoluble  ]>ortion  on  the 
"Uteris  ignited,  ground  in  an  agate  mortar,  and  again  fused  with 
about  twice  its  bulk  of  magnesia  mixture  for  about  half  an  hour, 
and  the  chromic  acid  is  estimated  as  before.     TIk*  insoluble  por- 
tion is  now  washed  into  a  beaker  or  basin,  and  the  bulk  of  the 
magnesia  is  removed  by  adding  dilute  sulfuric  acid  till  the  reac- 
tion is  neutral.     The  oxid  of  iron  is  then  filtered  otT  and  again 
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fused  with  magnesia  mixture,  when  the  last  traces  of  chromium 
will  be  obtained. 

Example, 

Cms. 
Pound.  Per  Cent. 

ist  fusion 0.5491  54<9i 

2d       •'  0.0320  3.20 

3d       "  0.0096  0.96 

4th     **  

Total 0.5907  59.07 

Lime  and  Soda  Process. — Rich  ferro-chromium  can  also  be  oxi- 
dized by  heating  the  finely  pulverized  alloy  in  the  manner  already 
described  with  five  times  its  weight  of  lime  (CaO)  and  sodium 
hydrate  in  equal  proportion.  In  this  case  it  is  advisable  before 
filtering  to  add  about  2  gms.  of  bicarbonate  of  sodium  to  convert 
the  lime  into  carbonate,  but  in  other  respects  the  process  is 
the  same.  As  a  rule,  however,  at  least  four  fusions  are  needed  to 
extract  the  whole  of  the  chromium. 

Calcium  Hydrate  Process. — Although  alloys  of  chromium  are 
difficult  to  oxidize  when  heated  alone  either  in  air  or  oxygen,  they 
are  readily  converted  into  oxid  at  high  temperatures  in  presence 
of  calcium  hydrate,  and  this  fact  can  be  utilized  for  the  estimation 
of  the  chromium  as  follows  : 

One  gm.  of  the  finely  pulverized  ferro-chromium  is  mixed  with 
three  times  its  weight  of  calcium  hydrate  and  heated  in  a  platinum, 
nickel  or  porcelain  crucible  in  a  muffle  or  over  the  blow-pipe  for 
about  half  an  hour  when  oxidation  is  practically  complete.  The 
action  takes  place  most  rapidly'  in  platinum  or  nickel,  but  the  plat- 
inum is  strongly  acted  upon,  and  the  nickel  usually  gives  way 
after  Ixiing  used  two  or  three  times.  It  is  therefore  more  econom- 
ical to  use  a  porcelain  vessel.  The  contents  of  the  crucible  consist 
of  a  green  powder,  which  can  easily  be  crushed  with  a  glass  rod 
and  contains  no  chromate.  The  oxid  of  chromium  thus  formed 
may  l)e  converted  into  chromic  acid  by  adding  to  the  crucible  5 
gms.  of  the  magnesia  and  soda  mixture  above  referred  to, 
stirring  with  a  rod  and  heating  in  the  muffle  or  over  a  Bunsen  for 
about  an  hour;  but  when  the  ferro-chromium  is  employed  in  coarse 
powder  it  is  advisable  to  grind  the  lime  fusion  before  the  addition 
of  the  magnesia  mixture.     The  contents  of  the  crucible,  which 
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seem  to  have  little  or  no  action  on  the  porcelain,  are  boiled  with 
water  and  a  little  peroxid  of  hydrogen,  filtered  after  the  addition 
of  about  3  gms.  of  bicarbonate  of  sodium,  and  the  chromic  acid 
titrated  in  the  manner  already  described.  As  a  small  quantity  of 
the  chromium  usually  escapes  oxidation,  the  insoluble  portion  is 
again  heated  with  about  its  own  bulk  of  the  magnesia  and  soda 
mixture  for  about  half  an  hour,  and  the  chromate  estimated  as  be- 
fore. The  insoluble  portion  should  now  be  neutralized  with  di- 
lute hydrochloric  acid  to  remove  the  bulk  of  the  lime  and  mag- 
nesia, and  the  residue  subjected  to  a  third  fusion  to  ensure  the  ex- 
traction of  the  last  trace  of  chromium. 

Example. 

Nickel  Crucible.  Porcelain  Crucible. 

Found.  Percent.  Found.  Per  Cent. 

1st  fusion 0.5645  56.45  0.4904  49-04 

2d      '*        0.2321  2.31  0.0673  6.73 

3d      '•        0.0045  0.45  0.0323  3.23 

4th     **        0.0025  0.25 

Total  ....      0.5921  59.21  0.5925  59.25 

This  process  works  well,  and  is  more  suitable  for  poor  alloys  of 
chromium  than  those  which  I  have  already  described. 

The  oxid  of  chromium  produced  by  heating  i  gm.  of  the  ferro- 
chromium  with  hydrate  of  calcium  may  also  be  converted  into  chro- 
mic acid  by  heating  with  4  gms.  of  carbonate  of  soda  in  the  muffle, 
but,  as  a  rule,  a  smaller  yield  of  chromate  is  obtained  in  the  first 
fusion  and  more  fusions  are  required.  In  other  respects  the  pro- 
cess is  the  same  and  the  results  equally  correct. 

Exa?fifi/i\ 

Cr  Found.      Cr  Per  Cent. 
Gm. 

1st  fusion 0.4535  45.35 

2d       **        0.1064  10.64 

3d     "      0.0193  1.93 

4th     "       0.0083  "83 

5th     **        0.0020  0.20 

Total 0.5895  58.95 

Sulfur  Process. — The  disintegration  and  oxidation  of  ferro- 
chromium  can  also  be  effected  by  means  of  sulfur  instead  of  hy- 
drate of  calcium.     For  this  purpose  i  gm.  of  the  finely  pulverized 
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sia  and  sodium  hj'drate  either  with  or  without  previous  roasting, 
and  the  chromium  estimated  as  described.  One  gram  ferro-chro- 
mium  gave  with  this  treatment: — 

Cr  Found.     Cr  Per  Cent, 
(•m.  (;in. 

isl  fusion o-57«*^9  57-89 

2d       **  o.cx>56  0.56 

3d       **  o.ooi.S  0.18 

4th     "  

Total 0.5863  5S.63 

Stekl. 

Oil  account  of  its  greater  solubility  in  acids,  the  estimation  of 
chromium  in  steel  is  usually  considered  to  be  easier  than  in  ferro- 
chromium,  but  I  must  confess  it  has  given  nie  more  trouble.     I 
have  already  indicated  that  poor  alloys  of  chromium  are  very  im- 
^       perfectly  oxidized  when  heated  direct  with  sodium  hydrate  mixed 
'.      with  magnesia  or  lime,  and  the  same  holds  good  to  a  still  greater 
extent  with  steel.     Calcium  hydrate  works  better,  but  the  oxida- 
tion of  the  chromium  seems  to  be  prevented  by  the  formation  of  a 
^ust  of  oxid  of  iron;  and  when  this  method  is  used  it  is  necessary 
*^  grind  the  lime  fusion  once  or  twice  to  expose  a  fresh  surface. 
''Vhen  this  is  done,  fairly  good  results  are  obtained,  but  the  sulfur 
^nd    carbon  bisulfid  processes  are  by  far  the  best.     When  steel 
^^irnings  are  exposed  to  the  action  of  sulfur  vapor,  there  is  no  in- 
^^cation  of  mechanical  loss  as  in  ferro-chromium,  and  the  sulfid 
Produced   appears  slightly  fused.     Sometimes   it  adheres  to  the 
Porcelain,  but  it  can  generally  be  detached,   in  which  case  it  is 
Pulverized,  then  roasted  in  a  porcelain  crucible,  and  fused  with  four 
^^tiies  its  weight   of  the  mixture  of  magnesia  and  sodium  hydrate 
^Ireadv  referred  to,  and  the  chromium  estimated  as  described. 

When  the  sulfid  adheres  firmly  to  the  porcelain,  it  is  ignited 
**"!  the  lx)at  itself  till  it  can  be  detached  and  ground.  Two  fusions 
^^c  generally  sufficient  for  the  extraction  of  the  whole  of  the  chro- 
mium. 

Ill  ample. 

Three  grams  of  a  steel  received  from  Mr.  R.  A.  Hadfield,  of  the 
*^^cla  Works,  Sheffield,  and  said  to  contain  1.60  ])lt  cent,  of  chro- 
|.      "ttiium,  gave  the  following  results  by  this  process;   - 
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COPPER  SULFATE  AS  A  MATERIAL  FOR 
STANDARDIZING  SOLUTIONS. 

By  KnwARn  Hakt. 

Since  the  paper  by  Croasdale  and  myself  was  published  (see 
this  Journal  4,  424)  I  have  had  considerable  experience  in  the 
use  of  the  method  there  detailed  and  find  it  to  be  extremely 
accixrate.  Several  things  remained  to  be  proven  which  I  in- 
tended to  take  up  and  press  to  a  solution;  but  they  have,  in  the 
meantime,  been  solved  with  a  great  deal  of  accurate  and  pains- 
taking work  by  Prof.  T.  W.  Richards  in  the  course  of  his  inves- 
tigation on  the  atomic  weight  of  copper.*  The  points  to  be 
solved  were: 

I.  What  is  the  exact  ratio  between  Cu  and  SO,  in  copper  sul- 
fate ? 

Prof.  Richards  finds  that  the  ratio  between  Cu  and  SO,  is, 
neglecting  the  first  series  :t 


Second  Serie.- 
Third  Scrie*; 

Cu 

or 

so, 

[  mean  2544^  ■  S'^r,' 

Cu 
25.44V) 

so« 

or 

Cu                  so, 

Cu                 !I,S(>4 

-         V>. 

604 
or 

(v/i.oC.2  -J-  2.oi4§)  1—  «jS.o-6 

i 


Cm  IIjSOi  —  I  iM'«j7 

2-  How  can  we  get  copper  sulfate  pure,  and  alisolutely  normal 
OT  iree  from  excess  of  acid  ? 

****  ^*P«cially  his  fourth  paper.  Proc.  Anier.  Acad.  a6,  240. 
UbW.  16,  260.  .second  table.        :  Fbid.  26.  -^^3. 
h  ^**^  ^^*.  '^ee  thi.s  Joiknal  5,  35. 
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It  is  (juilc  easy,  as  Prof,  kiihanln*  .tii«l  H-uni*  •  h.i\r  ^;>  wt 
to  prepare  e<»pjK*r  sulfate  hy    adiliii);    U*   the    '«i»luti«'r:     .    truT 
i*i  ]M»ta<»siuiii  1iy<lroxi4l.  to  precipitate  l>tMiiuth  aii«t  iriin    xr*'.  in 
iiioiiiuin  broinid  to  t1irt»\v  iliiwii  Mlver.      KuhariUI  ::a^  a!*-   * :  ■•« 
that  methyl  oraii>»e  may  Ik*  iiM.'tl  an  a  iv<  **l  lu-ntral!!^      ;•   .  \'z^ 
it  is  easy  ti»  ileteet  a  very  minute  e\ie%^  t.t  .u  itl  :ii  ihi-*  »a-. 

When  eleetnilytir  o»p|K'r  is  iliss-ilvetl  iii  ht»i  *«.Tu-vt::r  i!«^».  mi! 
luric  aiitl  and  the  reMiltin>*  har«l  eake  «lis*««»Ivi-«|  :n  >fta:r'    i  ''' »ki 
residue  «if  ropj^-r  snlful  riinaius.  rviileulh  lontutl  !i\   'ht-  rr-:* 
tion  «i|  HuHur  dioxitl  hy  the  metallu-  o»p|kt       It  ?^  5»»^*iMc  \tai 
this  reduction  «»l  sullui  nia>  ienn»\e  niinir  i»!   the    :«»rrT^".   r.j€txk 
presi-nt:  the  examination  ni  thin  |Mitnt    I   utu<«t.   h**Mt*<rr    ;•< 
|ione  for  the  preM*nt       All  the  o»p|K:r  "^ultate  u*oI   w  j%  •■M;arf*! 
in  this  way  tn»m  eleetioKtie  o»p|H'r.  anil  wa**  \er\  pure 

In  «»ur  first  pa}»i'r  the  addition  oi  sintinm  i*T  5 »»ias*? -.::::  «c*usr 
was  rei*ommende<l  lor  the  pur|>*»si'  i»|  im  riM"*:!:^  thi  v^«-^:  :  '.  *^^ 
tt\  the  •*<»hiti<»n.      Thi^  adilition  s<fins.  hi»Me\er   t»»*^  :i?!-.o  t****?^ 
and  I  find  that   |»«itaHsinm  sulfate  in  «|uite  in..dr.iis*!*.\     a*  *.  ■!>•* 
iiiNiiiuMf  <»i(hateN  afe  t«iinied. 

Tin  Mihntir  and  i»lit.iinetl  !rnm  the  ii»p5R-f  '».vi':.i:r  i*  •  "^« 
tis<-tl  tor  standardi/in>:  aiiothi-r  *>4ihititin  .itid  <«:n^v  \  k«  a«  i  rs 
]Miitant  that  llu  keeping  tjualitUN  nt  tlu-  «-»I::t!«-!:  ^'i--:'.\  «• 
I  4i*Tii!udetl  Im  iiM-  dei '.nf>rin.il  '•uliUf!'  .i\  :•!  *  n^'-r:^  j-.  % 
mhIiiuii  (.iifMiii.iti    «M>!utrt>n  a<«  Mitt  r:v.t  dMr\ 

l*iu!i«»l  plithalt  1::  -AjH  *  JiiiMii  a'*  tlu   in.li*  .it**?  a:;'.  !'«  '•  :'4r 
»i-ii!     "Wt  I'fiMij  .1  \\\\a    w.ilii  .i:iil  a  \x.ur  »•:   tar    \r.si>  i!  <•    mr 
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1  have  made  no  attempt  to  compare  the  sulfuric  acid  obtained 
from  the  copper  sulfate  with  sodium  carbonate  by  weight  vsince 
this  has  already  been  done  with  the  greatest  exactitude  by 
Prof.  Richards  in  his  fourth  paper  on  the  atomic  weight  of 
copper  already  cited. 

A  committee  of  the  Association  of  Ofhcfal  Agricultural  Chem- 
ists have  compared  our  method  with  others  and  speak  well  of  it. 
I  doubt  whether  their  report  adds  to  the  evidence  in  either  di- 
rection, however,  since  their  ultimate  standard  was  a  solution  of 
hydrochloric  acid  the  strength   of   which   was   determined   by 
precipitation  with  silver  nitrate.     Ever>'  chemist  knows,  how- 
ever, that  it  is  an  easy  matter  to  make  an  error  of  half  a  milligram 
in  any  method  involving  a  precipitation  and  the  transferbf  a  pre- 
cipitate; Croasdales  results*  and  those   of  Richardst  show  that 
the  error  involved  is  much  less  when  copper  is  determined  ]>y 
the  battery  method,  and  that  we  can  probably  determine  copper 
more  accurately  than  any  other  element,  consequently  that  our 
method  should  be  taken  as  the  standard  and  others  referred  to 
it. 


A  NEW  METHOD  FOR  THE  DETERMINATION  OF 

SODA  IN  SOAP,  TOGETHER  WITH  A  FEW 

NOTES  ON  METHODS  GENERALLY 

EMPLOYED. 

fiv  Wilson  H.  I,t>w.  Chemical  Dikector  of  N.  K.  F.mkhank  it  Co.,  Chica<;o.  III. 

In  the  ordinary  method  of  soap  analysis,  the  sample  is  dis- 
^Ived  in  neutral  alcohol  and  filtered  from  any  insoluble  residue, 
which  is  washed,  dried  and  weighed  and  further  examined  if 
necessar>-.  The  soap  is  in  the  alcoholic  solution  together  with 
other  matters  soluble  in  aqueous  alcohol,  such  as  a  small  amount 
^^  carbonate  of  soda,  the  whole  or  almost  the  whole  of  the  chlorid 
aud  sometimes  other  matters  of  mineral  or  vegetable  origin.  A 
httle  phenol-phthalein  is  added  to  the  solution  to  serve  as  an 
Hidicator  and  if  alkaline,  acid  is  added  to  neutralize  and  the 
amount  used  calculated  to  sodium  hvdroxid,  and  if  acid,  alkali  is 

This  Journal  5,  140. 
^^'■oc.  Ainer.  Acad.  a6,  26:!. 
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added  ati<l  llu-  aiiiotint  ralculalcd  to  tattv  at  id       Nitthrr  •  •  t^- 
titrations  cxpn-ssi-N  the  txait  truth  l»ul  tht*\  art-  the  **n€^-^  ,;* 
ally  i-inj»l<)ycd  U*t  the  j»iiq¥>si-.      T!u-  r.iain  irr«»r^  iri  d':t  !      r^* 
fact  that  MHlini'.i  c  arlmiKitf  i^  ^nhihU-  t«»  a   -!i^ht   i\!t  r:!    -  *      -  1 
ar\  alo»hnl  and  >;i\ts;in  alkaline  rearti«»!i  \%ith  jOu  ti«  !  :  "  :'   »  f-r 
this  lK.*in>;  fsliniated  an  raustir.  and   ilsii  the   »«»t:i*Mr-.! v^  ^'^' 

o|  the  Iree  !alt\  aritl  or  aoid>  is  rartlx   kM*»v\n  \ir'.  i!«  -^  * 
l)\  no  r.ie.iiis  nctessariU  the  s;iine  a**  tlu- tnr.iM  o».::Sin--^  a^  ^\* 
f»f  the   iiiixid    latt>    arids   in   nim|»       Iti   i.ut     thr   trrr    ?a!!-.     i  > 
has  v;enerall>    a    \er\  «liffirenl  etiinhinui):   urt^jht       Tht*     .iTtr- 
S4)uue  of  frn)r  is  usually  );reater  than  theestiinat!''t:  «-!  »  a^i<:     jt% 
the  ('oin))inin>;  \vei>;hts  ot  the  fatl>  aculs  are  **►  hi>:h  :!  t*  ^  i'4 
riilt  thin>;  toi'stimalei-xai'th  in  small  i|uantUies      It  t^  ::i\      i<  «i 
unlesN  the   frt-e  tattx  aeids  are  present  m  it.n^ii!tT.iMf   *^ua-:  : 
to  disff^anl  theni  entiriK       Tins  docs  n«»t  aj'jh  !•«  tlir    ••t'»    'i' 
and  uns,i|M»nitiahle  matter    whieh  ari-  «:t:t "inuu*!   ::;    j   ••  ••    -t-: 
mantuT 

AlttT  tlu    a^Mur  o|KratiMns  ihi-   s«»aj»  is  prrsrn:    :s    i  '-i* 

tom|Hiund   tt»^rtluT   with   thv  otlur   mat  ti-r'*  «-.!;:*  !«  .    ■     .. 

The  '»4>',uti«»n  Is  c\  a;»"rated  lodrxnixs  in  c\j**I   ;ht    -'.•  . 
then  disN4il\id  Ml  h«»t  waltr  an4i  an  exix-^s  ..!   ^:.int!^-ti    i  ••. -: 

m  to  Ml  Irti   liu-  tatlx   .u  ti'.s       Tl.i  s«    .ir     s<;i.ir  it*   1  :r    -    •.        ;    ■ 
s4ilm!ii!j  jn  .in\   Hii't.iMi   m.in!H'T     .i'i»!  tlu- !att<  ^  ^'.■."■.:'-.    w   *    :*:- 
uitli  iKUtr.i!  ithvr  !••  Trr:"\f    i!;\    ;attv   .u  :«ls   :-..•■     :'.  .    «.     .•  ■  - 
.\v.t\    \\n    rlluT    -^'liit!'::   i\  a]-':a!f'!    !••     Ir\'»is^    ..v-:    t.  .     "r*      jr 
.\riv:l:v«l  and  .it!d.«  «!  t-i  tht-  utt^h:  «•!  !!u    :ri  n:  **  !  •  :    :^*"       i    ••"• 
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As  can  be  seen  by  the  scheme  outlined,  several  operations 
will  be  perfomied  and  considerable  time  consumed  before  the 
soda  combined  with  the  fatty  anhydrides  as  soap  will  be  known. 
As  it  is  often  a  matter  of  importance  to  determine  this  in  a  short 
time  some  quicker  method  was  looked  for.  Direct  ignition  of 
the  soap  and  titration  of  the  residue  is  only  applicable  to  a  pure 
soap  containing  no  free  or  carbonated  alkali ;  further,  another 
portion  of  the  soap  must  be  weighed  out  if  the  other  constituents 
are  wanted. 

Allen  (2,  260)  states  that  the  combined  soda  in  a  soap  may 
be  determined  in  aqueous  solution  by  adding  standard  acid 
gradually  till  methyl  orange  indicates  a  slight  excess.  My 
own  experience  confirms  this,  if  it  is  done  carefully  and  the 
solution  is  not  too  hot.  The  tendency  is  to  get  in  too  much  acid 
as  the  separated  fatty  acids  give  the  liquid  a  milky  appearance 
which  somewhat  masks  the  end  reaction. 

Blue  lacmoid  solution  may  be  used  in  place  of  methyl  orange 
but  possesses  no  particular  advantage  in  aqueous  solution.  In 
anv  case  the  method  can  onlv  be  used  when  there  is  no  free 
caustic  or  carbonated  alkali. 

In  his  notes  on  the  various  indicators  and  their  behavior  in 

different  solutions  under  changed  conditions,   R.  T.  Thomson 

states  {Chem.  News,  52,  18,  July,  1885)  that  "  red  lacmoid  paper 

shows  almost  instantaneously  even  a  slight  alkalinity,  in  the 

strongest  alcohol,  and  if  the  alcohol  containing  a  trace  of  alkali 

be  colored  blue  with  lacmoid  solution,  one  drop  of  normal  acid 

will  change  the  color  immediately."     This  statement  has  been 

confirmed  by  the  writer,  and  also  if  100  to  200  cc.  of  neutral 

alcohol  be  colored  slightly  blue  with  a   lacmoid   solution,  one 

drop  of  normal  acid   will  give  a   strong  bright  red  coloration, 

which  change  from  blue  to  red  is  ver\'  sharp. 
Thomson  further  states  in  regard  to  methyl  orange.  '*  100  cc. 

of  alcohol  requires  at  least  0.5  cc.  of  normal  acid  to  effect  even 

a  slight  change  in  color.     Several  cubic  centimeters  are  neces- 

iiarv'  to  bring  out  the  full  color.     The  end  reaction  is  indistinct. 

When  diluted  with  five  or  six  times  its  volume  of  water,  alcohol 

has  ver>'  little  effect  (/U   methyl  orange  and  its  effect  may  be 

disregarded. 
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It  is  thus  seen  thai  while  hlue  lacinoi*!  siilution  an«l  n:r?h%l 
oran^je  !)ehave  the  same  in  af|UeiniN  M»hilion.  in  alo>h<»lK  '-•Iut>a 
nielhyl  oranj^e  is  usi-le'^s. 

From  (he  fact  thai  l>lue  lacmoid  M>Iutic»n  was  atfr\ti^l  ■v«^^  ':: 
lie.  if  anv.  hv  onlinarv  in*»<)hil>le  fallx  aeitln  when  M-torato!  :••  e 
a<jueous  sohition  and  alsi)  thai  it  wa**  a  ^iwwl  iiuljrati»r  «•:  tti-'^n! 
acitis  in  alcolioHe  M>hition.  it  was  h<>}Htl  thai  the  tallN  j.'i*  '^ 
aleohohc  M>hition  would  liave  lillle  eftecl  on  ihe  mtlioaV*?  Th** 
was  foun<l  to  l>e  the  case  ami  is  ihe  foundation  ot  the  ;»rr-<'-:t 
jircKvss. 

When   hhie  huni<»i(I  M>Iution  i^  addetl  ti»  a  »*»tltn<  h*'t  ncutr*! 
sohili(>n  of  so:!])  in  ordinary  aU^ohol.  it  j^ive^*  the  h*|u:d  a  Mu^O:  iiiz 
and  of  alK)Ut  the  same  shade  as  if  no  s<ki|>  were  prr-^nt       N  m 
f>n  addin>:  a  drt)p  of  normal  acid  little,  if  an\ .  chjuj^r  «•!'  •^y^r 
ani!  the  hhie  tint  will  remain  on  further  addition  ot  aei«!  XiV.  «::hra 
a   few    cuhic  ixMitimelvrs  of  the  end   fioint     when  the    :!s.**v  .!  c 
lK>;nis  to  losi*  itH  t  olor  and  ap|H'ar>  like  tine  hlack  |vartu  >'*  tt.  %r*! 
with  <  Ic.ir  water.      A  little  more  acid  causes  the  intlua!*'?  :-    ^   -r 
a  slij^ht  leddish  tint  to  the  litjuid       It  is  n«»l  a  purr  rr'l  xr^i   >  c; 
in^  like  the  red  >;iven  h\  the  final  reaction       When  thi*  7»    •  •  -% 
reached  the  acid   should   In*   ad«letl   slnwK    **r  «lri»p  \^\    «lrx*    :'I 
the  indii  ator  vines  the  Injuid  a  ptire  ^rt^^ht  red  *''»It»ra!:«  v.        T>  * 
jHiHit  Is  1  MsiK  ilisiitit^uished  fnun  tile  ;»Te\  iouh  rv*l  l:'*J'.   :  --.!  **'- 
turthcT  adtlitioTi  ot   a*  id  t  aus«->  n«»  diaiivje   in   it       In  i  »»  *    -    -«• 
*»4.aj.  •uiltitiofi  the  1  hari^e  is  \\v\\  niarketl    and  e\c:i  *z\  ^»'u*  •  -.*    i 
»»<'a|»  <•!   thrinM-lx  1  N  a    \el!«»\\  «»r   l»r»»\%n   tt»!4»r  the  cn4!  rrjk^Kac    .* 
apjMTent  *»\   tile  *  haii'^e  l«»  a  |»'are  *trii^»ht  e^»I«»f  s«.:-:r?h:r.|i;  Mtr  tbsc 
1  leaTMi;;    uj»  ••:   the    ^'lulion       The   a:n«*unt   •»:    ::idu  a!-  •    t      ^^ 
*\\  ]>**\t\-s    <.:;    •!'.,     •'•••!>.    «•»    M>Ii.r    ii!     'lu    «''':v;!!ia!     ^♦i*-    ^  *  .-t     *? 
I   !:<M;;li  i!:'tN»   *h    t:-.  .:    •^  •    tlial    :!n    i  !;.i»'.;;r  i.:    »<»I»»r    vi*'!       .4*4,     e 

♦  •\t:i  ♦•!::«    .i:\\  ^ ".  <  *    *■     * '".i   sj..n.  '.i^  !:       In  ttir*«!d  "*»*jip  *•  Tu*  *  f"-* 
«   lU'^td  *-\    :!i'««!'i^  '•     •".    !*.»  T    Ml    '»uni«<  Ti-^roM     thc   ».  !rar    *<•*•>.*  'r* 

•  ••!«•!  »   r:!i'it  *'<    'M  «  •".    '•  ••!  •.  u   if.i!  :»i»:?it  «•!  the  rr-itt**'?*.    ;%  ^    •*. 
!'rK<  ■•.*•%    .i.l<."'««'      ■    .v^»    ••'.  tV.t   .  ••!»*r  «♦:   !J:r  *-»,ni*     !^.**'.' 
X^\' '   u!.l'!-.'!- .  :    ».•.!.:.,     •>  r   t'ti  •  •:       \  *'.!!!e  praitur  »•'.' ^.i^r  * 
»  !t  IT  \\  !t«M  !!u  !••:  I  T  I   *  >'••.►  I  '.ir-*       T**"  "TJe  thmij  t»*  c^.:^**.  rr 
••■!•».?.    /^ '*••.*.*"  -       •  ■  '       *■  *    »   ,t  '  .  :     •»tit    !*»    'Ii*-     -    >.  -v: 

!   ".  ?hr   ■  h  l!K;e    ' -»     S       .N    '.     .••■'.    ••'.  ••    .«  •     i'.'l'!'t"»   »»!   j»  •    .    >  t  .  t  •  t  ?•; 
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liquid  of  the  same  tint.  If  this  is  attended  to,  with  some  prac- 
tice the  soda  combined  with  the  fatty  anhydrides  as  soap  can  be 
titrated  accurately. 

In  a  mixtre  of  soap  and  carbonated  alkali  the  soda  in  each 
can  be  determined  without  filtration  and  more  accurately  than 
when  the  carbonate  is  removed  by  filtration  and  subsequently 
titrated  or  weighed  by  itself.  The  source  of  error  in  this  last 
method  lies  in  the  fact  that  sodium  carbonate  is  somewhat  soluble 
in  ordinar\-  or  aqueous  alcohol  and  passes  into  the  filtrate  with 
the  soap  and  in  the  ordinary'  analyses  finally  turns  up  and  is 
estimated  as  soda  combined  as  soap.  This  error  is  greater  the 
more  alcohol  there  is  used  and  the  more  water  it  contains.  If 
little  alcohol  be  used  some  soap  is  apt  to  be  left  with  the  sodium 
carbonate,  as  in  washing  powders  the  mixture  of  soap  and  soda 
ash  is  so  intimate  that  complete  solution  of  the  soap  does  not 
take  place  immediately  and  sometimes  long  .soaking  in  warm 
alcohol  is  the  best  way  to  effect  solution. 

In  the  method  indicated  below  the  above  objections  do  not 
enter  and  the  total  sodium  carbonate  is  estimated  as  such  and 
the  soda  in  the  soap  determined  as  well. 

Weigh  out  a  few  grams  of  the  soap  into  a  flask  and  treat  with 
50  to  100  cubic  centimeters  of  neutral  alcohol.     Heat  to  boiling 
to  effect  the  solution  of  most  of  the  soap  at  least  and  then  run 
in  enough  normal  hydrochloric  acid  to  more  than  decompose  the 
carbonate  present.     Heat  to  boiling  and  continue  the  boiling  five 
to  ten  minutes  to  completely  expel  all  the  carbon  dioxid.     A 
good  strong  ebullition  is  necessary  to  do  this.     Now^  add  some 
phenol-phthalein  to  serve  as  indicator  and  titrate  back  with  sodium 
hydroxid  to  pink  color  with  the  indicator.     In  the  first  opera- 
tion all  the  carbonate  was  decomposed  and  part  of  the  soap,  so 
that  free  fatty  acids  were  present ;  in   the  second  operation   the 
alkaU  was  restored  to  the  fatty  acids  leaving  a  neutral  soap  solu- 
tion and  the  difference  between  the  total  amount  of  hydrochloric 
acid  added,   and  the  amount  of  hydrochloric  acid  equivalent  to 
the  sodium  hydroxid  used  in  back  titration  is  a  measure  of  the 
carbonated  alkali.     The  .soda  in  the   soap  is  now  estimated  as 
given  above  by  means  of  standard  hydrochloric  acid  and  blue 
lacmoid  solution  as  indicator.     If  the  combining  weight  of  the 
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fallv  anhvilrides  is  known  thevmav  lie  cak-ulalc«!  tn»m  the  ^•iM 
found  as  soap:  hut  usually  they  arc  tuA  knoun  jivuratrl-i^  xmi 
have  to  lie  estimated  hy  weijjht.  A  >5cm>*I  niethi^l  ••!  il»*:r.^  :h-.% 
is  to  add  alkali  to  the  alnive  alc«>holic  v>Iution  till  the  trrr  ri!:^ 
acids  are  a^ain  made  intti  M^ap  and  then  eva|»-irate  «»ff  the  a\^  h»« 
on  a  water  or  steam  bath.  Treat  the  residue  with  h*<  «a!rr  i-.»l 
vet  free  the  fatty  adds  with  a  slight  excels  o|  %tamtar«!  h^ilr*-- 
chloric  acid.  As  soon  as  the  acids  ha\fr  run  clear.  ix»>J  the  «=ia 
litHi.  with  oMistant  agitation  to  break  up  the  ^>hdifiet!  !att>  i.-»t* 
into  pieces  alKUit  the  si/e  of  a  pinhead  When  |irTtrct!\  .*i*f 
the  lattv  acids  are  remove<l  fnmi  the  dilution  '»f  neutral  ^itt*  *.  ^ 
filtration  thnm>(h  pa|>er  or  a  ()«MK*h  crucible  The\  atx  «a%^ci1 
Mimewhat  with  c«>ld  water  to  remove  ^duble  vjlt'*  and  ?5  tbr^  Afr 
cold  there  in  no  temlencx  l<»  |kiv»  thnnij»h  the  |ta{^rr  A  <-•*& 
crucible  with  a  gentle  Miction  is  much  the  !*•<  tor  th:*  pcr-miiir 
Draw  air  throu^^h  a  short  time  after  the  washing  t«»  get  r%'.  ■.'  aH 
the  water  ]M»ssible  ami  then  placing  the  filter  ti\ef  i  »e:ib«\! 
flask,  run  hot  aK-ohol  uhe  stronger  the  Wtter »  u;»»n  the  taK'« 
at'ids  Thcv  <lis«M»lve  an*!  pass  int«>  the  flask  Wash  tSr  i'^e* 
well  and  to  the  tiltrate  a4ld  a  small  amount  o!  phen**!  ph!Vi 
and  titrate  to  neutr.iht\  or  sligltt  alkalinttx  utth  ti«»r::ia!  ^^  ^ 
ntirnial  4i/n'A.'//i  ^h[a  iree  from  i  .ir*«in.itf  \\"r  n*»H  hA\T  ; 
in  s«>luti«»ii  A  netitral  s«Mp  nuuU-  imm  the  t»n^:nal  !att^  j,-l« 
which  h.is  ii«»t  iiiHlerijotu-  heating  «»r  uniutirssar^  r\;»"»\;*T  t 
.III  ,in»l  the\  have  n«»l  l«»st  weifcjht  b\  ?ievt»t:s:ng  anh\  »!t'  i-c-*  a* 
•*««iiirlniu>  li.ipjK  !!»*  «'ii  df  \  ing  t.ittv  .u  ids  n:  jti  »»\r!i  TV.ere  *  »: 
'^\\i  %u\\  p!i  xiit  .III'!  a\\  tli.it  Is  w.iTiled  t«»di!i:::::v.r  the  *.*  r**.  -  ifc^ 
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The  experiments  showing  the  applicability  of  blue  lacmoid 
solution  as  an  indicator  for  titrating  combined  alkali  in  an  alco- 
holic soap  solution  are  given  below.     Solutions  used : 

Hydrochloric  acid  solution . — i  €€.=0.024938  j^ms.  soda  ^0.042608  g^ms.  ftodium  car- 
bonate. This  was  standardized  by  sodium  carbonate,  usingr  phenol-phthalein 
as  indicator  in  boiling  solution.  The  sodium  carbonate  used  contained  99.90^ 
sodium  carbonate  as  calculated  from  a  determination  of  carbon  dioxid. 

Sodium  hydroxid  solution  (freed  from  carbonate,  etc..  by  means  of  Millon's 
base) — I  cc.=o.6aoo  cc.  hydrochloric  acid  solution,  using  phenol-phthalein  as 
indicator  in  cold  or  boiling  solution,  i  cc.= 0.6317  cc.  hydrochloric  acid  solution 
with  methyl  orange  in  cold  aqueous  solution,  i  cc. =0.6219  cc.  hydrochloric  acid 
solution  with  blue  lacmoid  in  hot  alcoholic  solution.  These  values  are  for  running 
to  decided  alkaline  reaction. 

Burette  readings  were  all  corrected  for  calibration  errors  and  at 
least  three  minutes  drainage  allowed.  In  all  the  following  tests 
an  unknown  quantity  of  fatty  acids  was  taken  and  made  into  soap 
by  running  in  sodium  hydroxid  solution  to  just  alkaline  reaction 
to  phenol-phthalein,  the  titration  being  in  boiling  hot  alcoholic 
solution.  The  quantity  of  sodium  hydroxid  run  in  was  not 
noticed  till  after  the  titration  with  acid,  so  that  it  should  be  no 
guide  as  to  how  much  acid  would  bet  needed ;  also,  in  running 
in  the  acid,  the  burette  was  not  watched,  and  ever>'  care  was 
taken  that  the  result  should  be  wholly  unaffected  by  any  previous 
knowledge  of  quantities. 

The  results  are  expressed  in  terms  of  the  hydrochloric  acid 
solution  as  being  the  simplest  way  of  comparison. 

Experiment  A^o,  /.  About  5  gms.  of  stearic  acid  taken,  dis- 
solved in  100  to  150  cc.  of  neutral  alcohol  and  heated  to  boiling. 
Made  into  soap  by  adding  standard  sodium  hydroxid  solution 
till  just  alkaline  to  phenol-phthalein.  We  now  have  practically 
a  neutral  soap  solution  and  the  soda  combined  as  soap  is  found 
by  titrating  with  hydrochloric  acid,  using  blue  lacmoid  as  indi- 
cator. 

Burette  Corrected  Kquivalent  in 

reading.  reading.  HCl  sol. 

NaOH  used  35.2300.  35.2200.  21.900c. 

HCl  "  21.98   '*  21.90   "  21.Q0  " 

The  exact  amount  of  soda  used  was  found. 
Experiment  No.  2.     About  i  gin.  of  stearic  acid  taken. 

Burette  Corrected  Kquivalent  in 

reading.  reading.  HCl  sol. 

NaOH  used  7.71  00.  7.70  co.  4-79  cc. 

HCl  ••  4.90  •'  4.H7   ■'  48-    •■ 

Difference.  o.oS  cc. 
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Expert meni  No,  j.     About  2  gms.  of  palmitic  acid  taken  and 
treated  in  the  same  way. 

Burette  Corrected  Kquivalcnt  in 

reading-  readinj?.  HCI  sol. 

NaOH  used  '4.57  cc.  14.57  cc.  9.06  cc. 

HCI  •  9.0S   "  9.02   "  Q.02   •' 

Difference.  0.04  cc. 

Experiment  No.  4,     About  2  gms.  of  a  dark  rosin  taken. 

Burette  Corrected  Equivalent  in 

reading.  reading^.  HCI  sol. 

XaOH  u.sed  13.4H  cc.  13.47  cc.  8.38  cc. 

HCI  ••  22  to  30.4  "  «.39   "  «-39  *• 

Difference.  0.01  cc. 

Experiment  No.  5.  About  2.5  gms.  of  fatty  acids  from  bleached 
soap  from  cotton-seed  stock. 

Burette  Corrected  Equivalent  in 

reading:.  reading-  HCI  sol. 

XaOH  u.sed  17.39  cc.  17.40  cc.  10.82  cc. 

HCI  10.93   ••  10.86  "  io.«6  '• 

Difference.  0.04  cc. 

Experiment  No.  6.    Fatty  acids  from  a  brown  cotton-seed  soap 
giving  as  dark  an  alcoholic  solution  as  is  usually  met  with. 


Burette 
readinff. 

Corrected 
reading:. 

Equivalent  in 
HCI  sol. 

XaOH  u.sed 

24.81  cc. 

24.82  cc. 

15.44  cc. 

HCI 

15.50  '* 

15.4.'^  •' 

1.5.43   " 

Difference,  o.oi  cc. 

The  exact  amount  of  soda  was  found. 

This  result  is  particularly  satisfactory  as  the  alcoholic  solution 
is  of  quite  a  strong  brown  color,  and  masks  the  indication  with 
phenol-phthalein  to  some  extent.  The  end  point  with  lacmoid 
was  decided,  and  the  marked  change  in  the  appearance  of  the 
liquid  easily  recognized.  It  was  not  the  bright,  clear  red  as  with 
a  coloress  soap  solution  but  the  decided  change  in  color  of  tint 
marked  the  end  reaction  clearly. 

Experiment  N^o.  7.  Some  of  the  same  lot  of  fatty  acids  used 
in  No.  6  was  taken  and  made  into  soap  as  usual  and  then  a 
known  amount  of  sodium  carbonate  added  by  putting  in  a  meas- 
ured quantity  of  solution. 

Burette  Corrected  Equivalent  in 

reading.  readinjf.  HCI  .sol. 

XnOH  used  19.40  cc.  19.42  cc.  12.08  cc, 

(This  saponifies  the  fatty  acids.)       * 

HCI  used  12.30  cc.  12.23  cc.  12.23  cc. 

(More  than  enoujfh  to  decompose  the  sodium  carbonate.) 

The  solution  was  boiled  about  ten  minutes  (best  done  in  an 
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Krlenmeyer  flask)  to  expel  all  carbon  dioxid,   and  then   the 
alkali  restored  to  the  fatty  acids  by  sodium  hydroxid  solution. 

Burette  Corrected  Equivalent  iu 

reading.  reading^.  HCl  sol. 

NaOH  used  19.42  to  22.22  cc.  3.80  cc.  1.7400.* 

HCl         "  12.23  minus  1.74  cc.  10.49  cc.f 

The  sodium  carbonate  added  was  equivalent  to  10.46  cc. 

Difference.  0.03  cc. 

The  soda  combined  as  soap  was  next  determined. 

Burette  Corrected  Equivalent  of 

reading.  reading.  NaOH  sol. 

HCl  uised  12.20  cc.  12.13  cc.  12.08  cc. 

Difference,  0.05  cc. 

These  results  are  about  as  good  as  could  be  desired. 

Experiment  No.  8.  Determination  of  soda  combined  as  soap 
in  a  commercial  sample  whose  approximate  composition  was 
known.  Soap  taken,  5.7373  gms.  Dissolved  in  large  volume 
of  neutral  alcohol  and  added  some  phenol-phethalein  as  indicator. 
There  was  no  alkaline  reaction  on  boiling  (this  is  necessary  to 
decompose  any  bicarbonate  which  would  give  us  indication  with 
phenol-phthalein)  and  so  caustic  and  carbonate  or  bicarbonate 
must  be  absent.  Added  blue  lacmoid  solution  and  proceeded 
with  the  titration  in  the  boiling  hot  solution.  (The  indication 
appears  better  in  a  hot  solution.) 

Burette  Corrected 

reading.  reading. 

HCl  used  12.14  cc.  12.07  cc. 

Equivalent  to  0.37834  gms.  of  soda  =  6.59^  of  the  .soap. 

To  check  this  result  5.494  gms.  of  the  soap  were  ignited  in  a 
'  platinum  dish  and  the  residue  of  sodium  carbonate  titrated. 

Burette  Corrected 

reading.  reading. 

HaS04  11.63  cc.  11.60  cc. 

Equivalent  to  0.36311  gms.  of  soda^6.6i4of  the  soap. 

Result  by  direct  titration  6-59*  of  .soda. 

■'  ignition  and  titration  6.615J  " 

Difference.  0,024 — a  close  check. 

In  conclusion,  I  would  say  that  while  this  process  may  not  be 
used  in  all  cases,  it  will  be  found  of  great  convenience  in  many. 

*  Bring  the  exce.ss  used. 

t  Due  to  the  sodium  carbonate. 
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To    THI-:    ICi»:Tok     hf    Thf   J«»i  kn  \i.   •»!     An\i.\tivv:     %^l* 
Apri.iKi*  CmiMisTkN 

In  tlu-  Max  tiuin)H.*r  ot  vour  cxix-llnil  journal  Mr  T:40«--r 
Hrevcr.  of  tlu*  hrni  f»f  Hrcxcr  and  Scli\%cil/cr  Nc>*  V*r'c  r 
uniinaclvcrtin;^  uiK»n  the  action  of  the  Av^Mnuiion  «•:  imSx-uJ 
Aj^ricullural  C!K*nii>l>  al  il>  last  merlin^  i%ilh  rri^aril  :•'  tac 
constant  to  Ik.*  cniplo>c-<l  in  ct>nnivtion  \%ith  Clrr>:rt  *  nicth- •!  ■'i 
inversion.  als<»  look  (KX'asion  to  criliciM:  a  rvjM»rt  on  nicth«**-*  < 
su>jar  analysis  issnc<l  l»y  thv  I^ouisiana  Su>;ar  Chrmt'4^  V^-^.*-* 
tion  nearly  tlircf  vcan*  Mncx*. 

Hcin>;  one  of  those  whom  Mr    Hrrycr  ha^*  Mx^n  fit  :«■  'l^r^iifr^'-c 
su^ar   }><ilari/atorH.*  aiul  liavitt^  ticcn  cliatruian  »»!  the   *\ts 
niittcc  which  prepare*!  this  re|>orl    I  a^^k  ^pact-  in  \«»ur  >»c:t:-Ll  r- 
repl\  to  Minie  t»f   his  criticisms 

Mis  letter  to  ///*  .Sk^'ii/  (  ./v«  oi  March  i^^  ha«'.  u^<  j«t« 
previouslx  !)toU){ht  l»»  m\  n4»tice.  n«»r  ua»»  I  a«%arvthat  :!^«  -t";»  rr 
relerretl  l<i  ha<l  ap}K-.iretl  in  the  Januar\  iiai:il«rr  »•  !l:c  s^sat 
ji»urnal.  though  it  ua^*  repnntet!  in  i  nuniNr  «»:  ♦•thrf  iw:**^lyrm^% 
aU>ut  that  time 

The    AV/>t»//  4»/     l/r ///»»»/'    .♦/    S/«^'jr      /flf.f.i*/'     •'    '*.     -' .  •    .^m^ 

Siij^utf  (  hitmxfs      /•'.•«.'.//.•.•»#  wa-H  prejmre*!  *»x  a  ^^'t:i::;'.t!r^  •<  tViS 

Ass4Kiatl<*n  Itii  the  tlirerti»»n   aiu;    .:utiian%v  •'!   i  hr::;K*  c^waiPwI 

111  the  cheir.ical    i^'iitti*!    ••!    ^U):.ir    h«»UM^    \\\    l.i*i::s;anA    ar>i  tbt 

utifk  «»t    the  lominitter  w.i^   i"i»iinne«l  rhiel!v   ;«<  tlu   ■•';\v<  4a!**« 

t»l    ineth<»«ls  tlit-n  -^eiittallx    m  ii%«     .ini<«ti|^    !*;«     '^Ufcjjr      ::c  r:   <•     5 

tills  Nt.tte 

111  tlu   first  !e\%   liiu-*  ol   that  H|»»tt  :t  \*as%tatr«s  !  la!  th  %  •   ■•% 

ua**  uiulrrtaken       with   1  \  ie\%   !•<  tV.«    'mpr»»\  i?:scv.:  »  r  the  ;  ?T-«c-r2 

nutln««!'»  ••!    "^tr^a:    iii  il\  ^»s  ,iii»l    th*    r!:!?,:ti  ■ti«»t:     •!   rrr-  •'*     •?•;>€ 
pHHfSM-«»  :i<»\\   itnpM»    «  1'  Ml  tlu  t!f 't  r".H».il:'  •.    '*    \\\\   ,*■.*£••«.'-,  t» 

:hi     i!i.r.\«»i-     ♦:    -i^  r    ;'r»^l',ixt*     %«Tt     .  !ite!lv     :h«**c  T -^  4rf 
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polarization  was  resorted  to.  Although  this  was  termed  Clerget's 
process,  it  differed,  like  man}-  other  modifications  of  the  method, 
(which,  nevertheless,  bear  Clerget's  name),  somewhat  in  details 
from  the  method  as  originally  carried  out  by  Clerget  himself. 

This  process  is  included  in  the  methods  of  analysis  given  in 
the  pamphlet  referred  to,  and  provided  that  the  sample,  after 
addition  of  the  acid,  should  be  heated  in  a  water  bath  at  GS^-js^  C. 
for  a  period  of  fifteen  minutes.  It  will  be  observed  that  a  range 
of  several  degrees  of  temperature  above  68"*  C.  is  permitted,  while 
the  time  of  heating  is  somewhat  longer  than  is  prescribed  in 

* 

Clerget's  method  as  originally  executed.  In  connection  with  this 
method  as  described  in  the  pamphlet  above  alluded  to,  it  was 
recommended  that  **in  calculating  the  true  per  cent,  of  sucrose 
from  the  data  fAus  obtained  [/'.  c,  by  the  use  of  the  method  just 
described]  instead  of  Clerget's  original  constant  of  144,  the  re- 
vised figure  of  142.4  should  be  used." 

The  object  of  the  experiments  of  the  committee  as  stated  at 
a  meeting  of  the  Association  and  as  reported  in  the  Loiiisiana 
Planter^  was  not  to  attempt  to  prove  or  disprove  the  correctness 
of  the  number  144  as  used  in  connection  with  Clerget's  original 
method,  but  to  determine  what  figure  should  be  used  in  conjunc- 
tion with  the  method  then  generally  employed. 

It  is  a  fact  well  known  to  those  who  have  had  occasion  to  make 
numerous  experimental  inversion  tests,  that  the  rotary  power  of 
invert  sugar  solutions  is  much  affected  by  the  degree  of  heat  em- 
ployed in  inversion  and  the  length  of  time  for  which  the  heat  is 
continued,  and  at  a  given  temperature  the  invert  reading  is  found 
to  decrease  in  quite  a  marked  ratio  the  longer  the  heat  is  main- 
tained after  inversion  is  effected.  A  large  number  of  tests  which 
I  have  made  show  even  higher  readings  than  those  obtained  ])y 
Clerget,  when  the  solution  has  been  kept  at  68°  C.  for  from  two 
to  four  minutes  only,  but  the  longer  the  heat  was  continued,  the 
lower  became  the  reading. 

While  Gubbe  and  others,  as  Mr.  Breyer  states,  have  shown 
that  the  degree  of  concentration  of  an  invert  sugar  solution  in- 
fluences quite  appreciably  its  rotar\'  power,  A.  Wohl  {Bcr.  d. 
chem.  Ges.,  23,  2084)  shows  that  with  a  relatively  larger  propor- 
tion of  acid  employed  in  inversion,  the  left  handed  reading  of 
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ihf  s<>luti»»n   In  tlerrca*<Ml   iiistcMd  ol  *K*in>:   iturva'^ctl     a-;-*    '.h* 
^ivalt-r  llif  U-ni^th  oi  liim*  the-  Ileal  i>  luamlainitl    thi    l••^%r•    *<• 
coiiu'H  thf  rfa<lin>;.      So  iIk*  valur  of  ilu-  lon^t.irit  !••   *•     ••»** 
t-alculaliniL:  iIk*  rfsuli>  n!  invfrsi<»:i  IoIn  Is  l.iri^rh  i!**^"..:*    :   :*•   * 
ihi  lem|KTalurv  <.':n»Io\ t-tl  :in«!  !tn»:th  ••:  tittu  «•*    I'^c-**-. 
*»oluli«)n 

TIu'  Ksiilt-*  ifjHirictl  in  lIu-  j»a:np!ilil  rvivrrol  :«»  -Arrv    ^-   -*o- 
\t\  invM.'ll.  \\  it!»  IIrto  u|K.-f  alio!!  ot  two  «  lii-nii'^l'*  w  ;:•■  :..!  :  ':  i  \    •  -: 

sidcraliki-xiH-iRiuv  in  Nii^ar  an  il\  Nis  a^  well  a^  III  »»ti::  r  ■  "  s*-    *-* 
ol  rluinical  woik.  and  I  ha\c  >unv  niailc  mam  tc^t*   %  ?•.     I     •* 
rolniratc  iIicm*  rcMiIlH.  t!u*  |»nK^''*«»  in  vai  h  *.  a*<*  ■•rt!;^  •  a'*'f'     '-i? 
in  llu-  manner  tlcMTilHul  aU»vf 

In  reit»mmtMi<Iin^  tlic  i  lian^jr  Irom  144  lo  !4*  4    tht    -r;*  •'•c- 
Dr.  Slul»hH.  flid   not   intend,    m*   I    utitierMand     iha:   thv    !.--<      » 
heating  in  inversion  shoulil  leTiiam  at  ten  minutr%  a^  »r:  thr     '^^ 
inal  Clerj^et  metli«K!.  Init  tliat  the  tune  eni|>'.»»\t^l  ^h*::'.!  *^  r  '.i-xri 
minutes   iv  iti  ilu-  nietluKl  puhltslu-d  in  the  pHRex^*.*':*;^      *      **»• 
aiul  as  in  thi   elettive  nieth'MU  )^i\eii  in  the  j>r»Re\-'lTr.^'*     *     •  > 
tile  funissum  o!  tlie  rorteetion  a**  to  tune  «•!  lu-at^n^:  **•:..  •   -  ■" 
thT«»n^h  inatherteiue 

l>r    Stnl»!>^    :e|>*»rt  to  the   .\sN4Hiati«»n    •.;:    js<»s   ..;.    .    ^  •.    .,  • 
•^uvcai  anal\  sis  \\  iilj  t!u    n'.in.iue'*   thi  r.  :r'    ►civ*  v.     •^!*'     t    1      i    .- 
.tniount  of  woik  d«»ne  nndei  his  .'.m^inin    i»i   r*:,     '.%•  -it    -^  • 
the  e\|KTiinenl  stati^n^  •»!  xUi^  ^X.iU-  :::  tht     !M\t*'!*^  it  *'    * 

\ei\   snl»ut  t    toijstilnti    .1    suthi  i<  t.t    retulat***!*   «•:   t^«       -i*»^     -< 
laek    0!    kno\\U*dv:i    «»I    the   «  h«  tn*.   1!    !!t<  i  »ttr«     i*-     •       •  'i  •• 

luann^  iH>«»n  this  '|ursti<>:i 

A'»  l«»  tht    low    Tv.idiTiw;  •»!  the  !i«'ii:ia!  su*  r»»s*    '^•:.;t*  :     it   •      ^ 
I  w  til  saN   iIki!   I  li.ul    it  h  iti«t  t*u     V  t  •  .    •*  It  ft  'K  t  *   •       v%  ' 
Hle\el   ''|Hik'*    1!   thi    ti!:  t     this    .\ .  •  ^     w  »%    '"i*  *?^>;    •?    'U       i    ■  *• 

!uH\   aw.irt«»;  t!.t    'ts'ilt^*  *  th.r   t  s'^*  ••••trnt*   >»•   •  •>!*  •      '^•i    ■   <* 
The  result',  wt  ri    ^Mti»!    i>  •:  "tn!  .1* »  nr.itt  I^   '•     t**.*»e      **^'.f*^    * 
t  \|K  I  u  n*  1    !•:  'jw!  »T   ■*   '  •  •:.    \\  •  ■•  k     ■"     w  1  •*   ::*.«  't  .  v   •    »  ft  *    x^  .      • 
«!t!it.ir.\      .ili'tii^   w:t^       •    ••   .:  .t  ,  '.•»'.     .1  ■..:  •.«•!  w^!*r    t    *      -'•- 

ti«»n    •»!    .idx.itii!:!^      I    •  •    ^     '':.!'  *       •  *      •:':!:  •?;    u'th   •r^f  '   '     *  he 

In  » 'Mtv  Ills'.,  j;      :     ,\    ■■:■.'.    ^.i\     t'-.i!      •tl'.-'iui:     Mr       r-xr-     <i".r'* 
lli.it    It    !•»   siiT]»:*'»'?.  .    t*  .It     t  t.  !     :!:"»    ;»  :M^  at**'-.     >••.*     ^'t. 
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The  Sugar  Ca7ie\  such  a  method  should  be  proposed  and  accepted 
as  a  standard,"  nevertheless  we  find  that  Sidersky  in  his  volumi- 
nous work  (Traite  d'  Analyse  des  Matiferes  Sucr6es,  Paris,  1890) 
incorporated  in  full  the  table  for  the  calculation  of  double  polari- 
zation results  as  published  in  the  report  of  the  committee  above 
referred  to.  We  find  also  that  Spencer  in  his  Hand  Book  recom- 
mends the  use  of  the  constant  of  Wohl  (142.7).  Babington 
{Ana/j's/,  October,  1891)  speaks  of  employing  the  same  number, 
^vhile  Weichmann  endorses  the  constant  of  Hertzfeldt  (142.66)  ; 
so  that  the  substitution  of  a  new  constant  for  the  144  of  Clerget 
is  not  a  new  departure,  especially  where  somewhat  different  con- 
ditions obtain.  At  any  rate  it  is  at  least  certain  that  *'all  the 
chemists  in  the  sugar  industry"  do  not  use  Clerget's  original 
formula,  as  Mr.  Breyer  would  have  the  readers  of  your  journal 
infer. 

Very  respectfully, 

B.  B.  Ross. 

Chemical  Imboratory,  State  University, 
Baton  Rouge.  La.,  July  i8,  1892. 


POTASSIUM  TETROXALATE  AS  A  STANDARD  IN 
ACIDIMETRY  AND  ALKALIMETRY.* 

By  Bektrand  C.  Hinman. 

Tetroxalate  of  potassium,  (KHC,0„  H,C,0„  2H,0),  was 
originally  proposed  for  this  purpose  by  Ulbricht  and  Meissl, 
Pharin,  Centrh.  [N.  F.],  6,  198,  and  commended  by  Kissling, 
in  the  Zts.f,  aiigew.  Chcm.,  1889,  332. 

At  the  1890  meeting  of  the  Association  of  Official  Agricultural 
Chemists  {Eighth  A?i?iual  Report,  p.  24)  it  was  adopted  as  the 
alternate  substance  for  standardizing.  At  the  meeting  of  1891 
{Ninth  A 7inual  Report,  pp.  131  and  153)  it  was  the  subject  of 
considerable  argument  but  was  retained  as  the  alternate  for 
another  year. 

An  investigation  has  been  made  of  the  properties  of  the  salt 
with  a  view  of  determining  its  availability  for  this  purpose. 

The  requisites  for  a  substance  to  be  used  for  standardizing  are 
that  it   should    be   easily   obtained   pure,  of  definite  chemical 
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The  percentage  of  oxalic  acid  was  73.32 ;  apparently  no  change 
in  composition  had  taken  place. 

An  effort  was  made  to  determine  the  water  of  crystallization  by 
heating  the  substance  in  an  air-bath  at  given  temperatures  for 
specific  times. 

The  following  results  were  obtained : 


S.MUPLK. 


Cryst.  4  times  ■ 


Crysi,  2  and  3  tinie.H. 

Cryst.  4  timeii 

Cryst.  3 and  3  times. 


Time  of 

heating^,  in 

hours. 

Temp, 

•c. 

Weight 
taken. 

Loss. 

Per  cent, 
of  loss. 

34 

80 

>.<H33 

0.1483 

14.214 

3i 

100 

1.0433 

0.1504 

14.416 

34 

1 28 

««H33 

0.1656 

15.783 

6 

13S 

1.0090 

0.1691 

16.758 

9 

I2» 

1.0090 

0.1740 

17.240 

If 

128 

1.0090 

0.1789 

17.730 

.^ 

95 

0.7527 

0.0980 

13.020 

34 

Ho 

1.2680 

0.176S 

13.9.^6 

100 

0.7527 

0. 1 103 

14.680 

34 

100 

1.2680 

0.1823 

H.377 

H 

128     160 

1.2680 

02348      1 

18.510 

6 

12S 

1.06S2 

0.1683      J 

15.755 

u 

128 

1.06S2 

0.1749      1 

16.374 

II 

I2H 

1.0682 

0.1789      ^ 

16.728 

These  figures  do  not  show  a  satisfactory  result,  and  indicate 
that  the  combined  water  cannot  be  determined  by  heating. 

Evidently  a  temperature  of  over  loo  C.  causes  a  decomposition, 
ior  in  every  instance  at  that  temperature  the  salt  lost  more  than 
its  theoretical  percentage  of  water  of  crystallization,  and  at  some- 
what higher  temperatures  the  loss  was  considerable,  and  at  a 
constant  temperature  increased  with  the  time. 

This  phenomenon  was  easily  perceptible  at  128°  C,  at  which 
temperature  Bomtrager  (Fres.  Zfs.,  31,  43)  says  the  salt  must 
^  heated  to  insure  perfect  drying. 

Yet  in  these  experiments  it  was  found  that  eleven  hours'  heating 
at  this  temperature  caused  a  loss  of  over  3.5  per  cent,  more  than 
the  theor\'  for  water.  It  is  thus  evident  that  the  salt  cannot  be 
heated  to  this  temperature  without  suffering  decomposition. 

In  order  to  determine  whether  the  apparent  excess  of  water 
°^ght  be  due  to  hygroscopic  moisture,  and  whether  or  not  the 
sah  was  efflorescent,  a  weighed  portion  in  a  tared  dish  was 
"moistened  with  a  few  drops  of  distilled  water  and  set  aside  in  a 
<lesiccator  over  concentrated  sulfuric  acid.     After  this  treatment, 
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if  the  dish  with  its  contents  should  weigh  less  than  it  did  before 
wetting,  it  would  indicate  either  that  the  salt  was  non-efflorescent, 
and  contained  hygroscopic  moisture,  or  that  it  was  dr>',  but 
would  effloresce  in  dr>'  air.  But  the  dish  rapidly  regained  its 
original  weight,  and  remained  persistently  at  that  point  for  three 
days,  at  the  end  of  which  time  the  observations  were  discontinued. 
Apparently,  then,  the  salt  was  dry  and  was  non-efflorescent. 

From  the  results  of  the  determinations  of  the  equivalent  oxalic 
acid,  it  would  be  expected  if  the  water  was  out  of  proportion  that 
it  would  be  low,  but  experiment  has  .shown  that  the  equivalent 
oxalic  acid  and  water  are  both  high. 

As  a  matter  of  fact,  not  much  faith  is  to  be  placed  in  the 
water  determinations,  for  the  experiments  reasonably  justify  the 
belief  that  the  estimation  of  the  water  of  crystallization  cannot 
be  accurately  made  by  determining  the  loss  on  heating. 

The  ignition  of  several  samples  of  the  salt,  weighing  and 
titrating  the  resulting  K,CO,  with  sulfuric  acid  (standardized  by 
sodium  carbonate),  u.sing  methyl  orange  as  an  indicator,  gave 
the  following  results : 


Samplf. 
Crysl,  4  times 

•  •  •  • 

Crysl.  2  and  t>  times 


WciKht     I  KjCOa  by 
taken.      '     wcijfht. 


KjCOa  per  :  KjCO,  by     K^CO,  per 


1.0090 
1.2680 
1.06S2 


0,2817 
0.2717 
0.3430 
0.2890 


ceut.       I   titration. 


cent. 


27.000 
26.927 
27.050 
27.0S3 


0.2774 

26.5.SS 

0.2732 

27.07C 

0.3409 

26.884 

0.2863 

26.803 

The  average  of  the  percentages  obtained  by  weighing  is  27.015, 
and  by  titration.  26.838. 

These  figures  coinciding  quite  closely  with  the  theoretical,  and 
the  acid  being  high,  indicates  a  curious  balancing  Ix^tween  acid 
and  water.  For  if  the  K,0  be  correct  and  the  acid  high,  then 
the  water  must  be  low.  But  as  the  water  determinations  could 
not  be  satisfactorily  made  by  the  method  tried,  this  conclusion  is 
unverified. 

These  results  being  .so  far  at  variance  with  theory,  another 
sample  of  the  sub.stance  was  very  carefully  prepared  in  the  same 
manner  as  the  fir.st  and  tested  as  before.  As  usual,  the  purified 
salt    after   being   filtered  from    the   mother   liquor  was  pressed 
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between  filter  paper  to  remove  the  superfluous  moisture,  and  then 
spread  out  on  fresh  paper  in  a  layer  not  over  a  quarter  of  an  inch 
thick  and  left  to  dry  for  three  days. 

In  order  to  detennine  whether  all  the  hygroscopic  moisture 
had  been  removed  by  this  treatment,  a  weighed  portion  of  the 
material  thus  dried  was  placed  in  a  tared  dish,  and  allowed  to 

remain  in  a  desiccator  over  sulfuric  acid  for  three  days.     The 

> 

loss  was  0.728  per  cent.  At  the  end  of  six  days  it  was  1.23  per 
cent.,  and  a  week  later,  or  after  having  been  in  the  desiccator  for 
about  two  weeks,  the  loss  amounted  to  3.58  per  cent.  At  the 
end  of  eight  weeks  there  was  a  loss  of  11. 41  per  cent.  The 
crystals  had  by  this  time  assumed  an  opaque  appearance,  and 
eflfloresence  was  clearly  taking  place. 

Therefore  it  is  clear  that  by  this  procedure  a  determination 
of  the  hygroscopic  moi.sture  is  impossible,  for  the  salt  effloresces, 
and,  moreover,  the  experiment  seems  to  show  a  contradiction  to 
the  observation  deduced  from  a  previous  experiment  made  under 
conditions  almost  similar,  when  the  tetroxalate  refused  to  part 
with  any  of  its  water  of  cr>^stallization  in  a  desiccator  over  sul- 
furic acid.  The  only  difference  between  the  two  experiments 
was  that  the  samples  of  salt  operated  upon  were  produced  at 
different  times,  though  the  effort  was  in  the  second  preparation 
to  duplicate  the  method  employed  in  the  first. 

This  second  preparation  lost,  upon  heating  for  three  hours  at 
100°  C,  14.370  per  cent.,  but  upon  standing  under  a  bell  glass 
lor  several  days  it  gained  i  .466  per  cent,  of  water  from  the  air. 
Thus  when  the  salt  is  nearly  anhydrous  it  is  deliquescent,  and 
when  containing  its  full  amount  of  water  of  crystallization  its 
tendency  is  to  effloresce. 

An  average  of  three  titrations  of  this  second  preparation  with 
fj  KOH  gave  an  equivalent  of  73.88  per  cent,  of  oxalic  acid, 
which  is  two  per  cent  more  than  was  found  in  the  first  sample, 
and  three  per  cent,  more  than  theory  calls  for.  Upon  ignition, 
there  was  left  a  residue  of  K.CO,,  amounting  to  27.131  per  cent., 
which  is  almost  precisely  the  theoretical.  Careful  tests  for  bases 
other  than  potassa  gave  ntjgative  results. 

In  the  u.se  of  indicators  for  determining  the  end  reaction  in 
these  titrations,  there  seems  to  be  some  doubt  as  to  which  of  the 
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many  in  iisf  is  the  Ih'sI.  The  AnsiK-ialion  oi  i  lifii  tj!  AkCTr-  -I'r  .•  i" 
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works  iHrrfcellv.  ami  is  txTtainlv  the  tuM  nulu\it*>r  t^f  :'.:  *  : -i* 
jK)sc  which  is  availalilc.  althnu^li  litmus  fir«i|icri\  prv^vi-r-.  * 
sai<l  l<>  >;ive  j»«xkI  results  Coralline.  «»r  mstilu*  aiu!  i^*h?^i"  r 
earminie  ai*i«l.  ami  eimyjo  Te<l.  are  <»!  nov.iiueat  4!!  a^  •■•■■!  i*.  r^* 
with  oxalie  aei«l. 

As  :i  result  ol  thes<»  ex|H*riments   it   i**  i  Ie.ir  that  !e!r«  \i' kV     i 
potassium,  as  prepareil  hv  the  «lire\  tnMi**  i«!  tht»^-   %%*>,!'•;•? 
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6,  192),  who  says,  * '  Tetroxalate  of  potassium  possesses  all  the 
disadvantages  that  pertain  to  all  the  above  mentioned  reagents. 
It  is  harder  to  purify  than  soda,  and  it  weathers  as  readily  as 
oxalic  acid.'* 

It  is  evident  then  that  the  salt  is  indefinite  in  character,  uncer- 
tain in  quality,  and  cannot  be  prepared,  by  the  methods  given, 
of  such  purity  as  to  be  of  service  for  the  purpose  for  which  it  is 
recommended. 


THE  ASSAY  OF  TIN.* 

By  Edmund  H.  Millkk.  Pii.H..  A.  M. 

The  work  described  in  this  article  was  undertaken  for  the  pur- 
pose of  ascertaining  the  best  methods  of  assaying  tin  ores  and 
also  to  compare  the  results  obtained  by  the  numerous  different 
methods  on  the  same  ore.  In  order  to  have  a  check  on  the  assays 
it  was  necessar}'  to  have  an  accurate  analysis  of  the  ore ;  to  be 
certain  of  which,  the  various  methods  of  analysis  were  tried  and 
then  duplicates  were  run  on  the  one  which  seemed  best,  and  the 
average  of  these  results  was  taken  as  representing  the  true 
amount  of  tin  in  the  ore.     This  figure  was  65.62  per  cent. 

The  assay  of  tin  ore  is  in  reality  the  assay  of  cassiterite,  for 
the  other  minerals  containing  tin  are  too  rare  to  be  of  economic 
importance. 

The  ore  was  stream  tin  from  Durango,  Mexico,  contained  some 
topaz  and  8.26  per  cent,  of  oxid  of  iron.  The  ore  was  ground 
to  80- mesh,  then  ver>'  thoroughly  mixed  and  sampled  for 
analysis. 

I.  The  Analyses. 

The  first  method  of  analysis  tried  was  the  reduction  b}-  hydro- 
gen in  a  Rose  crucible. t  One  gram  of  finely  ground  stream  tin 
was  placed  in  a  small  porcelain  crucible  and  heated  red-hot  for 
four  hours  while  a  current  of  hydrogen  was  introduced  through 
the  top  of  the  crucible.  The  residue  was  treated  with  concen- 
trated hydrochloric  acid,  tranf erred  to  a  beaker,  boiled,  then 
diluted  and  filtered. — Residue  A. 

•  School  of  Mines  Quarterly.  July.  1892. 
t  Crvokes*  Select  Methods,  p.  406. 
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The  filtrate  was  neutrali/eil  with  ammonia  am!  the  ;-fr^-: -'i-.r 
dissolved  in  a  little  sulfuric  acid,  so  thai  the  ?M>lulion  «a%  %i:4:'til^ 
acid,  then  the  tin  was  precipitatetl  h\  hytlnijjrn  ^ul£«!  ji*  tirk 
lirown  SnS.  — the  precipitation  wa>  done  in  the  o»Ui  Az^i  m»,% 
foinul  to  l)e  ct)niplete :  the  precipitate  wa**  fillrrrtl  an*l  «&%hrii 
with  a  dilute  solution  of  aninioniuni  chlorid  i^nitrtl  ami  «T-<b«if 
,'is  SnO,.  after  treatment  with  nitric  aci<! 

Residue  A  wa^dried.  hunietl  and  heated  a^licforr  in  j  vu'^rct 
of  hydroj;fn  for  one  hour,  then  trealetl  with  onicmtrjtr^!  t-..  ♦.- 
chiorii*  aci<l.  diluteil.  Iiltere<l.  etc..  atui  saturatnl  utth  h^-l-  -^r^. 
sultid,-  the  precipitate  which  f<inne<l  wa**  kept  M-|»aratr  "^  r-.i^ 
first  and  was  washetl.  ilrietl.  roastetl.  and  uci^hnl 

As  the  amount  of  tin  o)>taineti  h\  the  Mn>>ml  rr*lu*^N  -  ■  *.% 
very  tH)iisideral>le.  a  third  treatment  wa**  made  on  thr  rir*:^'3r 
from  the  sei^ond  retluction.  A>  a  rr^ull,  a  htllc  tat*fT  tr-  m^% 
ohtaine<l.  A  fourth  treatment  shi»wrt!  that  all  the  tin  Km»*  •<▼« 
reniovetl  that  was  |M>v>ihU*  timler  the^*  cimditi«m%  Kr^ull*  •«€?» 
as  follows 

M  •-» 

I'-t*;   per.  r«t»^r  •»•»*»,     '.»<• 

Tlu-M.*  u-nuIIn  wvxv  s4»  unHiiijNj.ii  tor\  that  lliv  T:ivth««!  «x*  -%.c 
nnr>tij;:itid  turlheT 

kcduition  l>\  nil- .ins  lit  ^ranul.iltd  /inc*  .in<l  h\df«vH'«  f*  i.>* 
uas  alN«»  tntMl.  !»nt  u  !tht»ut  snn  vvH  owin^;  j*»%%:*»U  :«•  the  «<:  .%%»e 
t»!  A  ]»uti  o!  pl.itmuiM  !»>i!  whti!:  sn  ^  Ijtnut!  t«»  i^JrAt!-.  a.%%.  <  » 
the  tt!u  ic!n  V   «••  tlu-  ri»!-*it:«»n 

Tlu*  !U\t    tlUtl'.'nl    N\   !•*   tll.ll    ri  t  «»t!l!'U  !i.lrt!  ^\    K«»sr    • 

<  Mir  *»;r.iiu  «»?  tlu  **:v  u  .is  niiwd  v%ilh  thrrr  icram%  *»f  %oI;:s?  a«£ 

tlirrv   >^r.i::i^  ••!  *.irN'!iiri-  »•:   ««i»l.i  .md   !usc^l  !or  onr   l>i«tt?  Aaii   i 
halt    HI    A    \n»UK\.\.r.    »!'.:.  !^!t       !l.t     v.i^-*    \%.i%   thr:j   trvAtr\!    •••Si 
w.iti:  \\)h:i     r'.'^l    I  ".    'ii^-^'.v  t »'.  t"    t  \tr\    ilark.  i^rrrn    t^^l^Zftt 
llu    rc^idt:*-    »«•".'».•.»  .1   .  :      r.  !i    -u;:..:     xtlu  4    .iii<5    u:>%tcx^«cr.;««vC 
HtTr.itv    Xm\        'ihi     ^•'w*-    -i    \%.i^    t.'.tt-rrti     iZ'.A    thr    !i!fAtc     t" -tf^: 
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and  acidified  with  sulfuric  acid,  which  produced  a  copious  yellow 
precipitate  of  stannic  sulfid,  SnS, ;  this  was  filtered,  washed  with 
hot  water,  dried,  roasted  with  ammonium  carbonate  and  then 
treated  with  nitric  acid  and  weighed  as  SnO,. 

The  residue  was  treated  with  hydrochloric  acid  to  remove  the 
iron  sulfid,  then  burned,  mixed  with  carbonate  of  soda  and  sulfur 
and  re- treated ;  the  mass  was  treated  with  water  as  before,  and 
precipitate  of  SnS,  was  obtained ;  a  third  fusion  gave  no  more 
tin.     Results  were  as  follows: 

SnO,. 

First  fusion  weij^ht o.795*< 

Second  fusion  weigfht 0.0^60 

Total  fusion  wei^lit 0.S31S 

Equivalent  to  tin 0.6569 

This  method  was  next  tried,  using  with  one  gram  of  the  ore 
five  grams  of  sulfur  and  five  of  soda ;  the  object  was  to  see  if  by 
increasing  the  amount  of  flux  the  second  fusion  could  be  avoided. 
The  tin  sulfid  was  also  redissolved  in  ammonium  sulfid  as  it  was 
found  some  iron  sulfid  was  dissolved  by  the  sodium  sulfid  solution. 
This  method  gave  0.7676  gm.  of  tin  oxid. 
The  above  method  (redissolving  the  SnS  J,  was  then  tried, 
but  w^ith  Rose  s  proportions  of  flux,  having  first  ground  the  ore 
as  fine  as  possible  in  an  agate  mortar.  The  result  was  o.  7662  gm . 
of  tin  oxid,  which  seemed  to  check  the  previous  method  ver\' 
well,  but  to  make  sure  that  all  the  tin  was  out  of  the  residue,  it 
was  treated  again  and  0.0716  gm.  more  SnO.^  obtained,  giving 
a  total  of  0.8378.  This  result  is  nearly  that  obtained  by  the  first 
trial  and  goes  to  show  that  all  the  tin  in  cassiterite  cannot  be 
decomposed  by  one  fusion . 

The  third  method  tried  was  fusion  with  acid  potassium  fluorid  ; 
one  gram  of  the  ore  was  mixed  with  five  grams  of  acid  potassium 
fluorid  and  fused  at  a  bright  red  heat  in  a  platinum  crucible  for 
twenty  minutes:  the  mass  melted  ver>'  readily,  and  the  fusion 
was  as  clear  as  water.     After  cooling  it  was  removed  from  the 
ctucible   and  boiled  with  hydrochloric    acid ;   the  acid  did  not 
attack  the  cake  ea.sily.  and  some  time  was  spent  in  getting  it 
into  solution  :   it  was  then  filtered.     Attempts  were  made  to  pre- 
cipitate the  tin  as  oxid  in  this  filtrate  l)y  boiling  with  sulfuric 


444  TIIK    ASSAY   OF   TIN. 

ami  with  nitric  aciil.  hut  were  uiisiicx*c^?*lu! :  the  filtrate  «  a*  rV 
made  aci<l  with  ai^tic  acid  ami  the  tin  |>rei'ipitatr«l  ^x  h%t!f 


•  \. 


•  1* 


siilfid :  the  precipitate  was  Idack  and  omtanieil  in*n 
filtered,  treated  with  str<>n}{  uuimoniuni  Milfid  and  !l*.r  «u>.  ' 
tin  precipitated  (n»in  the  douhle  siilfid  sudntion  h\  ncutr  j"  •  -^ 
with  sulfuric  acid:  tlie  yellow  stannic  Milfid  '-»  o>»ti-T:ol  *  i* 
filtered,  washetl.  ilrietl.  roastetl.  tn*ate«l  with  nitn*  i»'-l  :--' 
weighed  as  oxid  nf  tin  :  weij^ht.  «».7ii7<»  ^ram** 
'  This  niethiKl  was  triitl  a);ain.  the  fusion  l>rinj:  kept  up  *•  ?■  r- 
one  hour;  the  mass  was  parti.ill>  ilissidvetl  h\  water  «-  :t 
attacked  it  more  c|uickly  than  h>dnHhl«iric  acul  then  *««!ot  »  '.t 
hydroi*hloric  acid  to  dissolve  the  inm.  After  filtennj:  the  ^  *  - 
tifin  was  made  alkaline  with  amniimia.  and  then  acul  «i!h  %«:'.*':^'%: 
and  saturatml  with  hy»lroj»en  sulfi«i :  the  prrctpitatr  wa*  trra!r-i 
as  l)efore:  wei>»ht  of  SnO,.  ii.j^hs  ^^ranis 

This  method  was  a  third  time  truMl  am!  the  rr^ulwe  rr  irx  itr*! 
this  sh«)we«l  that  all  the  casMirrite   was  not  «lei^>mtHft^c«!   S*    •«» 
fusion. 

The  results  by  this  met IkmI  did  m»t  o»m|ure  at  all  tax'^ra*  "^  wti 
thoM*  from  the  fusii»n  with  carNmate  «»l  <^Mla  ami  ^ultur  ^<c*  &-^v 
it  feiiuireil  re|KMtet!  tusii»us  tt»  i!eo»m|Hisc'  the  *»rr  tr.\tu\*-i4  a 
liiss  of  tin  on  ai-c«>unt  «»i  the  \oI.itdtt\  ••!  ihr  rtu«»r"^! 

A  mi»<Iific.iti<ini>t  Ro'K-'siiu-ihiNl*  \\.isiir\ttrit-d  ustr.*:  *  *•••  r.itc 
of  |Mitash  uisteatl  «»t  rarU»nate  i«!  s^nl.i     mir  ^:rani  ••!  thr    --r  »*% 
mixetl  with  ;  >:rams  nt   KC'V  .itii!    ;  j^r.itTi*  •»!  sxi'.tur  as>!  '-^cii 
ti»r  t(»rt\  five  minutes  m  ,\  |MircrIi:n  «'ruiiMr     the  mass  ma«       « 
s«ilve«l  m  w.itet  and  k^ixe    i  \elli»w   sii!utii>ii  !rrr   !r*»tsi    rv  r.  •v:'-»i 
instead   ««|    the    dark    creeii    ^Milutniii    ?:•.•!»   'Jir    «««*ia    ar«*    •i  "i" 
lusinii      the  reM   «»t   !hr  ••|H'f.iti«»n   w.i^  » ««r'.*!:u  tol   a*   *^''^t     '  **r 
residues  ln-iiij*    ^riiiinil   tiiu-    in   .in   .ik:.i?r   TM«»rt.ir  ca^  h   :-- *    i  r*- 
:e  trvated       kr^n!t'«  ««•?«■  .i^  likVutw^ 


■««  .  •    II    *    ■       •  m        , 


*  I 
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I  consider  this  method  upon  the  whole  the  most  accurate  and 
satisfactor>%  although  it  is  not  a  rapid  one. 

COMPARrSON  OF   RESULTS. 

SuG,.  Sn. 

1  Rose  crucible  hydroffen 68.55  53.88 

2  NaaCOj  and  S  residue  rc-trcated 83. 18  65.43 

3  NagCOa  and  S  residue  not  re-treated, 76.76  60.32 

4  Na^COg  and  S  residue  not  re-treated 76.62  60.27 

5  NajCOs  and  S  residue  re-treated, 83.78  65.90 

6  KHF, 79.70  62.69 

7  KHF, 76.88  60.37 

8  KjCOs  and  S  residue  re-treated 83.30  65.53 

Average  of  2.  5,  and  8 83.42  65.62 

II.  a. — ASSAY    METHODS   GIVING    TIN    BUTTONS. 

Germaii  Method.^ — Five  grams  of  the  ore  was  mixed  with  one 
gram  of  very  finely  ground  charcoal  and  placed  in  the  bottom  of 
an  ordinary  Hessian  crucible,  No.  5.  Over  this  was  placed  fifteen 
grams  of  black  flux  substitute  mixed  with  one  gram  of  borax 
(the  black  flux  substitute  is  made  by  mixing  ten  parts  NaHCO, 
with  three  parts  flour),  then  a  cover  of  salt,  and  on  this  several 
lumps  of  charcoal.  The  crucibles  were  put  in  a  coke  crucible 
fire  and  left  there  one  hour  and  twenty  minutes  at  a  good  heat. 
The  slag  was  clear,  well  fused  and  dark  brown ;  the  buttons 
weighed  3.10  and  3.29  grams,  respectively  (Nos.  i  and  2). 

Doubling  the  above  charge  was  then  tried,  but  in  all  other 
res|>ects  the  assay  was  run  in  the  same  way.  Buttons  weighed 
6.465  and  6.2I50  (Nos.  3  and  4). 

The  next  assays  were  made  in  the  same  way  but  a  lower  heat 
was  used,  giving  a  lower  result.  Slag  was  brown,  well  fused. 
Time,  one  hour.  Weights  of  buttons,  5.060  and  5.370  (Nos.  5 
and  6). 

No.  7.  Same  charge  but  hotter  fire;  gave  good  button 
weighing  6.365.  Nos.  8  and  9.  These  as.says  were  made  in  a 
charcoal-lined  crucible.  Ten  grams  of  ore  and  two  grams  of 
charcoal  were  mixed  together  and  put  in  the  bottom,  then  covered 
with  a  mixture  of  twenty  grams  of  black  flux  substitute  and  one 
of  borax  glass,  then  lumps  of  charcoal.  The  assays  were  heated 
as  usual ;  they  were  unsuccessful,  as  the  porous  lining  seemed  to 
absorb  all  the  slag,  so  that  the  button  did  not  collect  well. 

*  I.a.st  cit.     Glass,  Mftallurgische  Pmhirkundst.  Leipsic.  1882.  p.  412.     Kerl-Batly,  Die 
hvbirkuHdr,  Brunswick.  1879.  p.  391. 


r 
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NoH.  lo  and  1 1  were  an  experiment.  a>  five  }crmm^  <>l  arx*-^  «t-  - 
substituted  for  the  flour  in  the  black  flux  %utr%t:tu!r  «  :  .r- 
charge  was  as  follows:  Ore.  lu:  charct>al.  2:  4rv«>l  *  ^•*.i  ; 
lK)rax  };la*«s.  1.  Salt  a»ver.  charcoal.  Thc>  urrr  tu*cxl  :•  i  c 
fire  for  three-<|uarters  ni  an  hour.  WeiKhl  i»f  butl«ifi^  44  i-^: 
.^.25  grams. 

Nos.  12  and  13  were  run  in  chantKiI  linetl  truciblr^  »•:'.:   tic 
following  chargi"*:  Ore.   5  grams:    B.    F    S      i<  gram*     ••  rn 
glass.    I   gram;    charc*t>al,    i   gram;    salt   o»ver.   Iuni|>  chAr\'«**. 
Time,  mic  lunir :   goml  reduction,  but  button^*  Uilrtt  !•»  *•^»■•. 
well.     Kesult>  practicall>  suniv  as  Ni«   s  and  *^ 

Nil?*.  14  and  15.  Charge  name  as  %  and  4  but  firr  %▼•••  S< 
( white  heat ) .  Time.  <me  hour.  Huttcm^.  f^  4^2  ami  ^»  '^^ ;  T"*:  • 
^how^  that  it  is  |M>ssil>le  to  redmx:  inm  b\  the  rtrrmati  Tr>rtS  •  • 
the  charges  are  heatctl  t«>  a  white  heat 

No?%.    i/»  and    17       Same  a«»    is   and    i'»     but    T?n«lrfi!r    ' — 
Iiutt«»ns.  fi.jHi  and  ty.2';s. 

I  then  tricot  the  (terman  niethcMl  in  thi-  muflle  lurna^v    -i«  -< 
flat  U>tt«Mned  crucible?*      Charge  '^iime  as  1  .tnd  2       Tttnc    s  — 
five  minutes       White  heat       Weight  «»f  bnttniis    ;  .•-■i-v'  ;  v^. 
(  Nos.  \S  .md  iii  I 

N«.  Mmntr*  t  **w  ^  *•  ''*       «  i  -•§  ■ 

*•  •■- 

•  I 

'•  'A  *■.■'.»■■   •  ••     :  - 

I   ^lelitXf  ihi^  !■•  *■«    ««!U    «•:  tht    ^-^^t  i:ivt!i«i«I*»  tit  «!rtt  rr.:  :.  ^   •   i 
iU  .1  hn:!i  fc;r.iile  ••!*■      l*'   *m.-    rnn    -^Uv  \  \^**'.:!!\     .1    I*»?:i:    !:- r 

«>tU'  Ihail  '    Mi«l  .1  hf!  tin-     *K-!urv»i    i  ^?'.^-!it  Xwl  \'\%{  a   .»*.'".c  .4*' 

but  ti««l    .!«»   hi>!    .!«»    .1    \\::!tr    \n'.i\      .irt     ruAvs%jr\         I    *.h      ^  «  ^^ 

*  •  ••  •  \     .  ■  «        H     ■  ■  Mtl  ,  *  W  '■       ••< 

•      1  .  .  ■         « 
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amalgamation.  Charge  was:  Ore,  10  grams;  5  grams  cyanid 
put  in  bottom  of  crucible ;  25  grams  cyanid  mixed  with  ore  and 
placed  on  top,  then  a  cover  of  5  grams  of  cyanid  and  a  cover  of 
salt.  The  charges  were  heated  up  slowly  and  left  in  a  moderate 
fire  for  twenty  minutes  after  fusion.  Weights  of  buttons  were 
as  follows :  No.  20,  5.78;  No.  21,  5.840;  No.  22,  5.675. 

Five  assays  were  next  made  using  different  amounts  of  cyanid 
and  mixing  it  all  with  the  ore.  The  object  was  to  ascertain  what 
quantity  of  cyanid  it  was  necessar>'  to  use  and  also  to  see  whether 
the  layer  of  cyanid  in  the  bottom  and  on  top  was  advantageous. 

In  each  case  ten  grams  of  the  ore  was  used  and  the  charge 
heated  in  a  good  fire  for  twenty-five  minutes. 

(^rams  Weiffht 

No.  Cyanide.  BuUon,  Percentage. 

23 10  1.744  17-44 

24 20  417"  41-70 

25 30  4-94>  49.41 

36 40  5.073  50.73 

27 50  5-19'i  51.95 

These  assays  show  that  up  to  fifty  grams  the  amount  reduced 
increases  with  the  amount  of  cyanid  used,  and  also  that  the 
layers  of  cyanid  top  and  bottom  are  necessary.  Nos.  28  and  29. 
Ore  10  grams ;  5  grams  KCN  in  grams,  then  30  grams  mixed 
with  ore,  then  5  grams  KCN,  then  salt  cover — ordinary  unlined 
Hessian  crucibles  were  used — as  in  previous  assays.  Charges 
were  heated  for  one  hour  in  a  hot  fire.  The  cyanid  used  was 
of  a  better  quality  than  that  employed  in  the  first  assays.  Slag 
was  dark  green  and  well  fused.  Weights  of  buttons  were  6.295 
and  6.860.  Nos.  30  and  31  were  run  as  above,  except  that  chalk- 
lined  crucibles  were  used.  The  slags  were  light  green,  porous, 
and  pasty.     Buttons  weighed  5.300  and  6.030. 

Nos. 32  and  33  were  run  with  .some  charge  in  a  hot  fire  for 
iorty-five  minutes.  Slag  was  green.  Buttons  weighed  6.683 
and  6.442. 

Nos.  34  and  35  same  as  above,  except  in  chalk-lined  crucibles. 
No.  34,  slag  porous.  Result  low.  No.  35,  slag  green.  Button 
weighed  6.842. 

No.  36  was  run  in  an  unlined  crucible  with  the  usual  charge, 
but  with  chemically  pure  cyanid  (98  percent.  KCN)  in  as  hot  a 
fire  as  possible.     Slag  was  white.     Button  weighed  7.089. 


\.\>s  Tin:    \ss\Y  or  tin 

No.  ,^7  same  as  No.  .V\  luil  ii;  ^  h.ilk  li'u-l  .  rxu  *  ♦*»        T 
lK)lh.  45  inimilcs.      \Vi-i>;hl  luitlon.  7.i»r' 

Nos.  v^  i*"<t  .V^  saintr  char>;i'.   hut   h*\\    ?it  it       N*.     ;*       -^ 
criicililc.      Wfij^hl  liutton.  »»  n;*!       Nh    ;*    ,  h.ilk  l!tu«I     ••• 

Nos.  4»>.  41  aii«l  4.*  H.1111C  (  h.irfe;t-.  iMt-pt  It"  «« ut  <  "M  ' 
cyanicl  Ik-Iii);  usimI       MtMli-rali*  t'lrt*     liiiu    thirtv  r-r".!::f  -       -     ^ 
);ra> .     Wcijjht**    No.  4«».  '».i«);.    Ni»     |i    ''M^     N*     ♦. 
Hittt<»nN  were  well  h>rnir<l.  hrijiht  ,iinl  l.iirl\  '-»!! 

Nos.  4  V  44  ami  4S  nanu*  as  [irt-vKitiH   !nil  juirr    \  i":  * 
No.  4.;.  <v«).;H;  No.  44.  ^  S«/» .  No    l^.  '»  ^:  .'        HtitT«-:^  w  -• 
The  next  assays  wi-ri-  run  t*»  U-<  thv  nurii'*  ••!  i.:«    ^.1!: 
the  usual  rhar>;e  was  ummI   (imltnarx  r\.iniil»       N"^    *• 
had  Halt  tt»vers      Nos    4.s  auil  4«*  h.i*l  ni»l      \«»^    4'-  »•'  ■  *•    • 
HI  one  fire  au<l  47  auil  4'^  111  another    ^-i  tht  4«»n«!?t'«'- •  *«»-■ 
s;inie  in  thet*as<-«»f  th»»sc-  with  an«l  withnut  s,ilt  ^•»\tr*'      ^V  r  ^ 
No.  4'».  '»  v».* .    No.  47    '»  ^'i**     No     4^*    ^  >i7"     N«'    i.    i 

This  s^fuis  to  uie  t«»  Ik-  suHu  lent  to  sh<«u    tlu    .»■■'.  :^:    ■    • 
usinj;  a  cover  o|  s.ili 

I    next   trie<l   s«»nu-   .i^^.r.  ^  t»»   Mt   il   .1    :ni\!u*«  •*•.*. 

aihstitule  and  iNanul  winiM  ^f\«    ^atisf.i,  t»»r\   •'  *■:  r     i- 
that  it  \%<iuM  tint 

N«»    v»     <  >ii'    I"  j^r.itti**.  KCN  >  ^1  iTM-    •••  ^..•t •    ,      K.  * 

J"  j;ranis.  .md  H    \-    S      m»  ^jranis    niixid   \\\Xh  »»r«     •hr-  k.\  \ 
^  >;T.i!ns    s,ilt(i»\it        M«NUf,ile  f:Tt     tl'.'.rTx  niri'itf  *       ^1^   ^ 
Hutt«»n  weighed  '•<•  •^        N««    ;i   s.it:u    i^*  N        %     tx^^v!   kv  ** 
^i.ittis    n    I'    S      In  ',:t.u:is    tnix'.l  u^iV.  ..»»        Wt:^^-.!     *        *    - 
'' '»4^       N«i    ^.•  s.inu  .'-No    N«  •   ix*i|»t  Ki.  \     ;     ^'.i'    *    >    :     '*■ 
-*<♦  ^jtanis    withoM        Wtifcjht  ••!  htinur:    ^    ,;;       \,.    ;  •.  ^- :- .     i 
Ni»    N« •    hut  tinu  !««rt\   l\\r   ni:nutis  'n  .1  ?i'r!.   h«  ;  t."\        W      ^  ** 
fit  hutti>fi   '•  I'*'      N««    N  4  s.uiu  .1^  N«»    n;   tx.vptkv'V  •:*»'^' 

H    F    S      .'•»>i:r.nns       W'l  ij^Jii  o|   *«ntt'»:!     ;  -#;       \-      ;v  ^t-- 

N"     k\    ex«e|»t   H     I*     >       ;••  ^'  i':>'»        W*!,:^:!  ••!    *  -i!!    "      *    .*  •  ■ 

l'*ToMi    thr    .i'*s.i\  «*    *i\    thv    «\.in!.I    T'i«th'«l    •!    -^^r*.*   V  i"     '-•,: 
«  halk.  lined  iTUi  ih\-^  .ir^-   t'*.»«*  t!«»n '''It    *••     im^    tht^    rt   *'f-  •  ••- 
tilsiofi  |Mst>    .It  .1  *">v   !«  nijK  r.itiiT^     ,:T\5:iK     *    {•f"U*    *-*i     •*    •» 
if  the  heat  is  ratsrtl  s«i  as  in  iiisr  their.    ir«»n  is  rr«!tK^^i    •>>  J 
rrndrrs  the  rrMiIt^  too  hi^h     M:x\»nd  chemu  aI1\  \Hxrx  c\  ab^  «%_ 
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reduce  iron  at  a  lower  temperature  than  the  ordinary  cyanid ; 
third,  a  salt  cover  is  necessary ;  fourth,  the  layer  of  cyanid  on 
the  bottom  and  top  of  the  charge  is  a  decided  advantage. 

I  also  tried  running  cyanids  in  the  muffle,  the  following  charge 
being  used.  Ore,  5  grams,  KCN,  5  grams  on  the  bottom,  then 
25  grams  mixed  with  the  ore,  then  cover  of  cyanid,  then  salt  and 
finally  lumps  of  charcoal.  They  were  kept  in  a  hot  fire  for 
twenty  minutes;  the  buttons  were  good. 

Wcigrht  Per 

No.  button.  cent. 

56 3.218  64.36 

57 3.443  fi886 

Cryolite  Method. — Was  tried  as  follows :  Ore,  10  grams,  cryolite, 
10  grams,  charcoal,  2  grams,  mixed  together  and  put  in  naked  cru- 
cible, and  covered  with  salt  and  charcoal ;  heated  in  crucible  fire ; 
result,  no  buttons  and  no  apparent  reduction  (Nos.  58  and  59). 

II.  b. —  ASSAY    METHODS  GIVING  ALLOYS  FROM  WHOSE  WEIGHT 
THE  AMOUNT  OF  TIN  CAN  BE  CALCULATED. 

Bronze  Buttons.  *  — First  method.  Oxid  of  copper  and  black 
flux  substitute.  Nos.  60  and  61.  Ore,  10  grams,  oxid  of  copper 
(CuO),  10  grams,  black  flux  substitute,  40  grams,  borax  glass, 
I  gram,  were  mixed  together  and  put  in  an  unlined  Hessian  cru- 
cible, and  then  a  cover  of  salt  added ;  the  crucible  was  placed  in 
a  hot  fire  and  the  charge  fused  for  one  hour ;  the  slag  was  dull 
green  and  well  fused,  buttons  weighed  13.13  and  12.82  grams; 
subtracting  the  amount  of  copper  in  10  grams  of  oxid  of  copper, 
7.97.  g^ves  the  weight  of  tin  5.260  and  4.850.  Nos.  62  and  63, 
same  as  above  except  crucibles  were  lined  with  chalk ;  weight 
of  tin  in  buttons,  5.600  and  5.250.  Nos.  64  and  65.  Ore,  10 
grams.  B.F.vS.,  10  grams  mixed  and  put  in  a  charcoal-lined  cru- 
cible, covered  with  lumps  of  charcoal ;  crucibles  were  heated  as 
before  one  hour  in  a  hot  fire ;  there  was  very  little  slag  as  most 
veas  absorbed  by  the  lining.  Weights  of  buttons,  14.02  and 
13.85,  equivalent  to  60.50  and  58.80  per  cent,  of  tin. 

These  results  corroborate  those  obtained  by  cyanid  and  black 
flux  substitute,  and  show  that  black  flux  substitute  is  not  a  proper 
reducing  agent  for  cassiterite  under  any  conditions. 

*  Hofman.  p.  37.  Winkler.  Berg  uvd  Huttenmaniiische  ZfHung ,  1864.  p.  17.  Mitchel.  p.  4"- 
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(ht'J  Of  (oppi'f   and  Cyan  id  of  fK^ta^stum     -  N«»*     *^    jrv*  •• 
Five  >j ranis  of  c\ani<i  wi-n*  plaixnl  in  the  )M)tt(»m  oi   an  ••rii--.i* 
No.  5  Hessian  tTiicil>lf.  then  y\  KraniH«it  «->  jnul  ua%  rrxc*  »••* 
ici  grants  c>(  the  (irt*  and  platXTtl  on  lt>p    then  a  i^»\t:  "f  «  -i 
(no  salt).     Char>;e  was  heated  ft»r  onv  hi»ur  in  a  iarrlx   i.  :  t-x 
llie  shi^  was  stony  aiitlj^rax  .  I>utti>ns  wire  hr:^;ht  j*sd  Art*.  :•  —  -• 
No.   Ml  wei};hed    i.V7f»^»«»:    No.   'i;.    i  ;  4*^'      et|Ui\  alt.*::   • 
5.7*/!  and  5.4*;«»   ( suf  itractiii>;    r*>7>       Nt»^    f»**  ant!  •**   'kj:-      a. 
aUive  lint  run   in  ihalk  line* I  iTUiiMe'*      ^Ij^   ua«»  }•••••:*    --•' 
buttons   were   not    well   sli:i)K*d  .    \\eik;het|    t;  7.'    av..!    :  *.   * 

S.7.S*»  and  Sv-*' 

Twii  assavH  were  run  in  nnliiied  irur:li!tN  \\\\\\  xjr  x  .  "^; 
and  salt  eover.  and  with  tlieiii  a  t>lank  assa\  \\\  •Utt-r::;  -  \zx 
iral  amonnt  of  i*o|i)K't  redutvd  <  Nt»N    jn.  71    au»!  7^' 

*  '  m 

Tlu-  weight  ol  io|i|H>r  liiittoit  from  the   Mjiik  as%,i       %  -   •  i. 
this  is  \ft\  inuih  lielow  tin*  thi*«)ietii'a!  amount  «»:  i*-;  ;«i "  •  -t  <•  f 
7.*/7.  and  ai-iount««  l«»r  the  I*»\\  re'^ult'*  in  .is«i.i\'*  N«-*    '^^  it>!  •., 
sulitiaitm^  tile  \\ei);ht  «»|  oi|i|K'r   otit.it:ied   •r«»r:   :hr  *»Ia:.k  ••  «i 
the   \\ei>;lit   i»l  tlu-M*    l»n»n/e  !»utt«in'»    I    itet   as  :i.!%.w-       \        # 
<•   ;7*»      N»»    r»7.  fsi*ji.      N't*    ''S    f'   ;  ;*       %'••    '-#    '    <  • 

In  this  nietlKHt  the  di*^id\  aiit.ikCi  **:  thi-  «  ha'A  !'."."„  <.  •  r  -^ 
the  \\ei>{ht  •»!  the  butt«»ns  *iut  iti  t:;i  im'Tihi^  ttiitji*"  •  "^e 
i»l   the  '^lai;  and  mi  the  :iii-v;ul,ii  !«•::::  ••!   !lu   *.ut!i**-.s 

l\,n\  A  hlank    .iHs,i\    'kvii  mi?i    wtii    tiu    *.!a*  k    rt'.ix    •■     ■*:  *  . '. 
assa\H  ^K'tter  residt«»  \\«»ulil  )i.i\  t-  inid>>u^*tedl\   *^rn '•'•!a  •  <■■    'i! 
tile  \\i'tv;htN  wvxv  sn  lnw  tin!    th*     iv.i!!;'*!    >!•  '  •\-*\  ^c*        '         .'■'  r 
lUTthrt  inw-stik^atii'ii 

II    i        \ss\\   \iiri(iii's<.:\i\..    \N    v!;..\    Tw'-    -fc*^- 

{  xf^f^*  t   ''i/.f  .frf  r   1  f'.v.f        Tv*  ■•»;:  tr'i  ■«•■••  !lii      ''^     .*i  •■.  v-  . 

\\  !tli  till  ii^rain^  *it  <  \  .it::d  .iii^!  {'l.i.  i«l  :•■.  i  •»r!.  i".  ||«'«o  a*  -.  **r 
oil  a  Ia%er  •»!  ^  v  aiiu!  .iiid  tlieu  >«*\(ii«t  .\\\\\  a  m\«>;:.:  a  *  a* 
U'^ual  the!i  salt  i«»\fr  aiii!  l:ia!i«'.  ti  i  *  •  t  !.r\  !l;?«t  x, ui'Ti  »  A 
.iti  ht'Ur 

Thut   as^a\  •*  v\t  ri    ri'.v.    "*  •.!.  -   A  .       r...    '.In     -*•:/,:•    .  **. 
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(Nos.  72.  73,  and  74).  The  buttons  were  then  treated  with 
nitric  acid  and  the  oxid  of  tin  weighed ;  the  percentage  of  SnO, 
was  81.26,  equivalent  to  63.92  of  tin. 

((rams. 

A  vera  j^e  weight  of  bronze  buttons  4-^57 

Averasrc  weisr^t  of  tin  subtracting  theoretical  amount 

of  Cu  in  5  grams*  CuO  0.873 

Average  weight  of  tin  subtracting  Cu  as  found  in  blank 

a.Hsay  1.159 

Average  weight  of  tin  in  buttons  as  calculated  from 

weight  of  SnO) 1.27^4 

This  method  of  using  copper  as  a  collecting  agent  for  the  tin 
is  recommended  for  low  grade  ores  as  it  prevents  the  loss  of  small 
particles  of  tin  in  the  slag. 

From  the  foregoing  experiments  there  seem  to  be  four  methods 
of  assaying  cassiterite  which  give  sufficiently  accurate  results  for 
practical  work — the  German  method,  cyanid,  oxid  of  copper  and 
cyanid  when  blank  assay  is  run,  oxid  of  copper  and  cyanid 
when  button  is  treated  with  nitric  acid  and  the  oxid  of  tin 
weighed. 

Assays  of  tin  should  always  be  run  in  duplicate  and  the 
average,  not  the  highest,  taken. 

In  the  German  method  an  hour  in  a  fire  almost  at  a  white  heat 
gives  the  best  results. 

Cyanid  Method. — The  following  charge  is  the  best.  KCN 
5  grams  in  bottom  of  crucible,  then  30  grams  mixed  with  the 
ore,  then  cover  of  5  grams  more,  then  salt  cover ;  used  on  unlined 
crucible  and  heated  at  a  red  heat  (not  a  bright  red)  for  twenty 
to  twenty-five  minutes.  The  results  obtained  using  this  charge 
were  as  follows  : 

No.  Per  cent. 

I  J     Ordinary  KCN.  hot  fire.  4S  minutes,  salt  cover.   :, 

t  3.T)  •  1 64.42 

*  J     Ordinary  KCN.  low  heat.  30  minutes,  salt  cover,  |    ' ' 

AlS  '  /  65.90 

Average  65.19 

Oxid  0/  Copper  aud  Cyanid, — Use  same  charge  as  in  cyanid 
method,  adding  10  grams  of  black  oxid  of  copper  ;  heat  in  a  hot 
fire  for  three  quarters  of  an  hour ;  with  every  set  of  assays  run 
one  with  same  charge,   leaving  out  the  ore,   and  subtract  the 


45^  sn.io»v  IN   »•!<;  ikov. 

\vci>^ht  of  the  t'opiKT  button  from  thr  weijcht^  ot  thr  ^f»»n/r  'r:o» 
Results  \}\  this  nu'tlKxl 

Nil  I  »  •  ,  r-^- 

«i  ■^ 

'  I 
\  \  •  •  « k* « 

111  llu-  liK'ttHHl  whiTi-  the  hroii/f  l>lltt<»ii    1%  ilt^<4»I\ci!    -r.    •••.-. 
aci«l  it  !'>  not  ad\i'*al»le  t<»  >;et   t<»<>  I.irv:i-   .1   butt«»ti  ••n  ^vv'-u^t    c 
the  lime  taken  in  »li'*s«»lvin>;  it       I  \\«»til«!  rce^»nimcn,I  :jk:r.«;  *-.  "i 
amount^  «»!   i»Te  antl  •»\nl  <»|  tiiji|Hr  a-*  t'»   ijivr  a  *'ii!t"t:  .-r   i'«  i* 
threr  i^iam*'.  «»f   wliuh  tivei  t\\«»  v:Tai:iH  '•h«»nM  }^:  «^«;*:cf 

Theti   ai<    M-Mia!  «»thet    inethiH!**  •»!   a'»'»J\:!iV;    !'■■■     '•    -^     **♦- 
m.iu\  i;i«»Ti- l«»  Ik- liMUhl  !•%  i  «»!|nii1imi>;  the  Iitrratufv  ••?:  !'.'c  *.:'   <•  ^ 
hut  lh«.\   all  Meiiu«!  It^N  iia"*iliU   than  thi   •»i;i'^  .ic^r-'^-l 

(  hu-  MT\   imjM'Tiaiit  }Mnnl   tn  1  ••nne^  tH'i;    .\!t!'.  *Au   ^-^xa*         '  i 
'•re^  1**  the  » «»iu  v ntiat:<»n  m!   a  larvje  -^atiipli    -I'.Wi   !-      i    *•  .1.      -:jr 
c«»nta:n:ni:  tht-  !ni  :«•»  a^^.iv      ti::^   raa\    V-  »l"?ii      v.    -i  *.  J' 
i«M!**r  *:;^:.'nii:        TIh    iiti^h  ^;»««  rtw    .•ra\:!\    ••!      a^^  !•  "  V,    't      .r"» 


lutn.ii  e*^  "!'.  :  .!t  .1  '.•  \v.!rr\\  ^  rs-I  H  ^!.  h  '^  k  r.  H::'-  i"  ,  ■ 
It  wa"  eav  .l:;*.^  *.«•  "m.jk*  -li:'.'.  -Ji  :»  Mtirn  i!'.i»ti*  '•:  rh\  *  .  ■» 
e.ii  .'i     a-'  . .;    :•••  •!■••!  tn.i»U  !•.»••'  !  wn  !!r'ia«  t- -»       WVi'.r     .  -    iVf- 

thi-  !:••:!    •tAa^'itiN   *•.  i *■*.!:  !.■..*. '»<♦■.  t    »!*.»  tli»   » »»rTr*|^»'!;.Il*:-4       i  •■  i 

i»:    •':••    -.:«•■:         >  I      \!l:      •!''.t  •     -.^v  >!.    i'     ^i^  •  iil'.r'fc*    t     i!     1      •    *,: 

h«  !r:'.  ••     !-i    t*         W        '      •!.    ^<     ••     •  •  !-.    •:.  i      •:•  !     !■.    !^:f       ^    -  .  •      « 

. .'  .      ,  •  •    '  •    •     ,•         .  •  ,•  ^       .  , 
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opinions  herein  expressed,   save  where  an    accepted   theory  is 
quoted,  are  to  be  taken  simply  as  obiter  dicta. 

The  pig  iron  manufactured  at  the  Hubbard  furnaces  has  held 
for  more  than  twenty  years  an  enviable  reputation  as  a  foundry 
iron.  Its  composition  is  such  that  it  seems  to  combine  in  an  un- 
usual degree  the  different  requirements  of  softness,  fluidity,  and 
strength.  It  is  largely  purchased  by  eastern  manufacturers  of 
light  castings,  such  as  stove  fixtures ;  and  in  many  cases  where  a 
softener  is  required  is  used  instead  of  imported  Scotch  iron.  It  is 
made  from  a  mixture  of  Lake  Superior  hematites  and  native 
black  band  ores;  the  average  furnace  mixture  being  about  57  per 
cent.  iron.  The  furnaces  are  run  on  a  slag  containing  about  33 
per  cent,  silica  and  45  per  cent,  lime,  and  the  iron  varies  from 
2.75  to  3.75  per  cent  silicon, — an  average  of  several  hundred 
samples  of  No.  i  Foundr>'  iron  giving  2.92  per  cent,  silicon. 
The  analysis  of  good  foundr>'  iron  has  been,  with  slight  variations 
in  silicon,  about  as  follows: 


Graphitic  carbon 

2-9S 

to 

.^.25  per  cent. 

Combined 

.16    '• 

Silicon 

2.92    •• 

Sulphur 

.015    • 

Phosphorus 

.64H  ••       *• 

Mangranese 

.07    ••       •• 

The  metal  is  graded  according  to  its  appearance  on  breaking, 
as  follows : 

Silver>'  Iron.  A  cloHC-{(rained  brijjht  iron,  crystals  of  metal  all  small. 
A  very  weak  and  brittle  iron. 

No.  2  Soft.  Major  part  of  the  surface  of  fracture  show»  close-grained 
brijfht  crystals,  with  a  few  larger  graphitic  plates.    A  weak  iron. 

No.  I  Soft.  Major  part  of  surface  of  fracture  show^s  large-grained 
graphitic  crystals.  Has  numerous  close-grained,  bright.  *'  mushy" 
npots.     A  weak  iron. 

No.  I  Foundry.  Entire  surface  of  fracture  shows  large-grained,  gra- 
phitic cr>'stal.M.    A  "  mild  "  soft  iron. 

No.  2  Foundry.  Entire  surface  of  fracture  shows  smaller,  darker- 
grained  crystals.    A  strong  iron. 

Mill  Iron.    Very  small-grained,  dull  iron.     Very  strong  and  tough. 
The  lower  and  colder  grades,  int.,  gray  forge,  mottled,  and  while  iron,  are  very  seldom 
made  at  these  furnaces. 

A  short  explanation  of  the  method  of  judging  what  grade  a 
cast  shall  be  marked  may  be  of  interest.  If  a  No.  i  Foundry 
iron  shows,  on  breaking,  a  few  close-grained,  so-called 
'*mushy"  spots  of  lighter  color  and  smaller  cr>'stals  than  the 
regular    No.  i    fracture   and    if   the    crystals   appear    in    these 
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s|M*is  III  havi-  partially  !u«<mI  or  Irillvil  :<»iiitlifr  tJu    -■  ■ 
\n:  No.  I  l**nun«lr\      on  i\\v  ln»l  huIv  '        Xtisiuiia^*   •'. 
Ikt  aiifi  si/i-  ui  ilu-M."  N|M>t%  winiM  imum  tin  :r"  .  !•      * 
Nt»    I  S<»ll.      Ah  I  111-  luMl  riHviMMl   1»\   :Iiv   !j:ii.i'.    ••     •- 
imii':iM*'  thr  iiutal   hIiow**  on   lia*lu:v    i   k'*--**' '    ** 
llu**c-  iuu««h\   s|Ma-.  llif  lnnit*«  ot  wliuh  an    ii'-^iwr 
ii«.;»iUM|.  hill  pa**-  Miii»iiri-pliM\   nit*>tht  !.»r^ir  '»iir-»  -it 
lal**      Wluii  tiu-  ^Tialci  |>*»rti<»ii  ni  ihr  Ira*  tufv  t  xh'S'.t' 
V.i.!iiuil    !»ii^;il  apjKMtaiUi*.  llu-  iion  ih  ^ra<lvil  a*  N"    ; 
v\!:in  tlu  tiitiu-  '^nrlaivoi   traitiiii-  :h  ^tiMrt-I  w.zU  *t:. 
MNsi.iU    an«l  !n»  lat^i-  ^rapliitii    plalr^  .irr   t  •  '*    ^■<-. 
raiik**  as  Sil\iT\   iron       In  pasHiij);  iTuni  \»»    i   !  ■••;■ 
Mill  in»n  thv  nu'lal  i^  >;ra<lf«l  as  Ni»    •'  l'i»nn«!:\   '.*.  t'-c 
irat'tnu'  ari  «»iaalit-r  and  <liilU-t  titan  No    i    a:iii  mV.i"  * 
AW  \vr\    *«i:i.ili    ami   dfad    •>!    Mnll    i«M»kin;:     *.ht      :•  *  i 
Mill  in»i! 

'flu-  .ip|K'aranii- i»l   tlu- i  t  \  MaN  ^n  trat  tnrt  ••:  .i  v^ 
»ntrt!Mn..!  thi- ipialitv  i»l  tlu- iT«in       'Dirtt-rtT!^      -Iv 

i.nlil  *-»tt  'inishv        v\i      arr  !••*  .i!  .r*  i   •:%•  • 

i'!.i*r-  \\!tli  «-'Mu\\  liat  •iittiTfiit    nu-.iinii'*       K.r\«»!i  ^ 
AU   N.m;  •!.  !«H.U       H4I11      "I       iniM      uhiv   !*:«  \    .in    '  .■ 
mi:*    .riiiMfN  vi:  tpM'.tJ-     thi  i*'*.-*:  %  :::^   .*  r  ^   *     i   V    -■ 
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carbon  and  silicon  than  that  produced  with  slower  blast,  where 
more  time  is  given  for  chemical  union  or  physical  saturation  with 
these  desirable  elements. 

During  the  regular  working  of  a  furnace  an  increase  in  the 
moisture  of  the  air,  a  charge  of  wet  ore,  or  an  increa.sed  amount 
of  blast  will  lower  the  grade  of  the  metal  and  at  the  same  time 
lower  the  percentage  of  silicon.  An  increased  supply  of  coke, 
or  a  decreased  volume  of  blast,  will  raise  both  the  grade  of  iron 
and  the  percentage  of  silicon.  This  variation  of  silicon  with 
the  grade  may  be  .seen  from  the  following  consecutive  list  of 
analyses.  The  iron  was  made  on  No.  i  furnace  on  January  19th 
and  20th,  1890. 


Date. 

i^KADK. 

Silicon 

[an.  19 

No.  2  Found r>' 

2.. ^6 

"     19 

NoH.  1  and  2  Fonndrv 

.VIS 

••     19 

No.  I  Found  r>- 

.V2I 

••    ao 

•    I  Soft 

.V22 

••     20 

•    2    " 

.^•92 

••     20 

*    2    ••    and  Silver>- 

4.02 

■•     20 

Silvery 

4.60 

The  effect  of  cooling  the  furnace  in  producing  Mill  iron  and 
lowering  the  percentage  of  silicon  is  shown  by  the  .series  of 
casts  made  January'  26th,  1890,  and  days  following: 


Datk. 

Jan.  26 

••     26 

•  26 
"     26 

•  27 
••     27 

..      2- 

••  2S 

••  28 

•'  28 

••  28 

•  29 

"      29 
"      29 

♦  Not  analyzed. 


(iRADE. 

Silicon 

No.  I  Foundry- 

2.9.^ 

"    2  Soft 

.VS6 

•*    I  Foundr>' 

.V-'6 

Mill 

« 

Nos.  1  and  2  Foundry 

1-74 

•'     I     "    2 

2.03 

•     I     "    2  Soft 

3.34 

No.  I  Foundrj* 

3.20 

Mill 

♦ 

No.  T  Foundry 

2.90 

••    2  .Soft 

3.06 

Mill 

% 

No.  I  Foundry 

2.60 

..    , 

2.64 

..    , 

2.H5 

From  the  above  tables  it  may  be  .seen  that  the  percentage  of 
silicon  increases  with  the  heat  of  the  iron  and  ifice  versa.  While, 
however,  this  is  practically  true,  it  is  not  always  relatively  so. 
Mill  iron  is  sometimes  higher  in  silicon  than  good  foundry  iron 
made  at  the  same  furnace,  but  this  mill  iron  must  have  been 
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cast  under  unusual  conditions.  The  facts  arc  that  in  tht  rrx -" »' 
workiuj^  of  a  funtacc  IxUh  the  ^radc  and  the  Mhioii  arc  ici»\f  rraci 
by  similar  i^mditions.  ami  circumstanixr'*  «hich  raiM.-  the  •  r^ 
incriMMT  the  other.  Thtre  are.  Iu»we\er.  niimernit'^  *•  . .:  •  -• 
as  will  hereafter  Ir-  sliowii.  which  affeit  the  mIiohi  »»r  !*:*  ^-j.:* 
iiide}>endentl\  of  each  other. 

The  rapidity  with  which  inm  flows  Inun  the  t4(>pin^  \\"U  .-a* 
i^otisideralile  tnfliienct*  u|M>n  its  ^rade       In  tirdcf    t«»' *»<-'.   t^^ 
Kreatest  amount  of  No.  i  F«uindr\    |>ik  the  tap  ht»lc  %:i**uU!  '*    £ 
snfTK  ieiit  si/e  to  |»erntit  a  rapid  flow  <»t  in'ti  and  the  ^athI  tn*  '.i.^.* 
should  Ik-  clean  and  dry,      Shouhl  the  tap  U  -mall    45i»i  t^c    -  n 
rtow    slnwh    down  the  runner  ami  ilrihMe  itili»  dann»  ^^^'.*     :  * 
metal  Ikh-uuk-s  chilleil.   and.   in  oiiisctiuetii-e     a:i  ir«»v.   wh>..  r    i; 
the  skimmer  shows  cverx    indication  of  heat    and  uiwicr   ;r'^«' 
i^kiiditioits  wmtld  have  lieeii  ^jimhI  N*»    i    FtnindT^     m?!!   jjri  -    .. 
m»  In'ttei  than  Nti.  2  l*oundr>  or  Nt»    i  Mdl      l*Mr  ih:*rt  »«  -    •    - 
itiaiii  lit  the  iron  will  not  alwav%  nhow   the  am*>ii;t!  ••:   *:!•»•  ^ 
(oiitain<«       As  the  luriiace  is  ver>  MMiMtixe  when  i*i'f k-ru    *■     ''-  ' 
ii»»UH.  it  often  liap|»ens  that  a  sli^jht  shp  »•!  the  walS  »**'.*-'r  •.: 
p'.Jii;  will  lower  the  ^radeof  the  tollowitiK  ciM  t««  nnX  i?«'V.  u*!'    «.- 
lowi-tiii^  the  Niltnin 
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These  examples  are,  however,  extraordinary,  and  ser\'e  to  show 
how  sensitive  the  furnace  is  to  any  chill  when  making  hot  irons, 
and  how  ^adily  the  grade  may  change  without  much  alteration 
in  the  silicon. 

Another  peculiarity  of  high  silcon  irons  must  here  be  noticed. 
If  a  very  hot  iron,  high  in  silicon,  be  chilled  when  casting  either 
through  a  slow  run  or  damp  pig  beds,  the  effect  is  to  close  the  grain 
and  diminish  the  size  of  the  cr>'stals,  thus  giving  it  the  appearance 
of  silvery  iron.  I  have  frequently  noticed  such  casts  of  hot  iron 
chilled  to  Silvery  grade ^  and  have  found  the  percentage  of  silicon 
in  such  iron  is  somewhat  lower  than  in  the  following  and  preceding 
casts.     Thus : 


No. 

FL'RXACF.  Xo. 

Uatk. 

Cast  No.                  Grade. 

Silicon'. 

7615 

2 

Aujf.  24    '9<' 

3                        No.  2  Soft 

4.06 

761 S 

2 

24.  '90 

4  (slow  run)    Silver>- 

vfi-j 

7617 

2 

••      25.  90 

1   (fast  run)      No.  2  Soft 

,^^>^ 

In  analysis  No.  7616  I  noticed  little  granules  of  slag  both  in  the 
pig  and  in  the  drillings.  These  were  easily  distinguished  from 
the  sand  which  clings  to  the  pig  and  is  removed  by  the  magnet 
before  analysis.  These  slag  granules  suggest  a  very  simple  ex- 
planation of  the  lowering  of  silicon  by  chill  in  the  runner.  Silicon 
in  pig  iron  has  a  tendency  to  brighten  the  color,  because,  on 
account  of  its  a\ndity  for  oxygen,  it  prevents  oxidation  of  the 
metal  during  a  cast.  If,  however,  a  high  silicon  iron  (which 
cast  rapidly  should  grade  No.  i  or  No.  2  Soft)  be  chilled  by  slow 
run,  an  incipient  oxidation  takes  place  in  the  metal.  The  silica 
and  oxide  of  iron  thus  formed  unite  to  form  globules  of  slag 
which  ri.se  out  and  are  entangled  in  the  upper  part  of  the  cooling 
metal.  In  this  way  the  oxide  is  removed  as  fast  as  formed  and 
the  metal  is  brightened  at  the  expense  of  a  part  of  the  silicon, 
while  the  chill  closes  the  grain  and  gives  it  the  appearance  of 
of  Silver>'  iron. 

The  percentage  of  silicon  is  not,  as  might  be  supposed,  constant 
throughout  a  cast,  but  varies  from  top  to  bottom  of  the  casting 
liouse.  The  first  made  pig  bed  at  the  bottom  of  the  casting  floor 
I  have  found  by  several  trials  lower  than  the  average  in  silicon, 
while  the  bed  last  filled  and  nearest  to  the  funiace  has  higher 
silicon  than  the  average.     A  slight  change  in  phosphorus  accom- 
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As  the  hearth  had  not  been  cut  iway  by  long  use  the  tap  hole 
was  in  such  position  that  the  iron  flowed  naturally  and  did  not 
require  blast  pressure  to  force  it  out.  The  oxidation  of  metal  by 
cooling  in  running  down  the  sand  beds  may  also  account  in  part 
for  low  silicon  in  the  first  pig.  The  phosphorus,  as  will  be  seen, 
does  not  var>'  so  much  as  silicon.  The  slight  loss  of  phosphorus  in 
the  lowest  pig  bed  may  be  due  to  partial  oxidation  and  removal  as 
slag.  The  average  silicon  throughout  the  cast  is  2.93  per  cent, 
and  the  loss  on  lowest  pig  bed  is  4.4  per  cent,  of  its  total  amount, 
while  phosphorus  is  lowered  to  the  amount  of  only  1.9  per  cent. 
Since  the  middle  pig  bed  represents  most  nearly  the  average 
silicon  in  the  cast,  it  has  always  been  my  custom  where  one  pig 
only  is  taken  for  drilling  to  select  the  middle  pig  of  this  bed,  and 
throughout  this  paper  where  analysis  of  a  cast  is  mentioned  this 
pig  has  been  the  one  selected. 

The  effect  of  silicon  on  pig  iron  is  to  weaken  the  transverse  or 
breaking  strength  of  the  metal  and  to  brighten  its  fracture.  This 
is  corroborated  by  the  breakers  in  the  iron  yard,  to  whom  a  slight 
increase  in  the  strength  of  iron  is  a  matter  of  no  small  importance. 
A  pig  containing  3.5  to  4  per  cent,  of  silicon  when  dropped  from 
a  height  of  two  feet  across  a  triangular  block ,  breaks  with  almost 
the  ease  of  glass.  The  edges  of  the  fracture  are  clean  and  sharp, 
and  show  no  adhering  torn  fragments.  The  crystals  are  brighter 
and  somewhat  smaller  than  in  a  pig  of  the  same  grade  but  lower 
in  silicon.  High  silicon  iron  is  likely  to  break  slightly  "on  the 
bias,'*  that  is,  not  exactly  at  right  angles  to  its  length.  This 
seems  due  to  the  fact  that,  owing  to  the  extreme  weakness  of  the 
metal,  the  fracture  follows  the  direction  in  which  the  pig  strikes 
the  edge  of  the  block.  When  strong  iron  falls  across  a  block  in 
a  slightly  diagonal  direction,  the  pig  breaks  across  the  shortest 
possible  line,  /.  c,  at  right  angles  with  its  length,  as  shown  in 
the  following  cut,  the  dotted  line  AB  being  the  line  of  fracture. 
With  a  high  silicon  iron  the  crystals  of  graphite  set  free  by  the 
silicon  make  the  metal  somewhat  softer  in  texture  than  low  silicon 
iron,  and  the  edge  of  the  breaking  block  makes  a  guiding  indenta- 
tion which  the  fracture  follows  even  if  that  be  not  the  shortest 
possible  direction  in  which  the  pig  could  break.  Low  silicon 
iron  is  .strong  and  tough,  requiring  to  be  thrown  forcibly  across 
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Silioin  ajUKrars  lo  att   a**   a   M»!tfiur  ::••!  !«\    .vw    ^    :t..% 
•*ilio»n  f*tf  M.  hill  hs  it«»  i'tlti't  111  i-jif^mi;  ::iv  ic'*-"-***"'   r*"^* 
jiuoiint  ot  i'arlMin  to  a*«^utm*  the  KraphitUi^  ?utt(!**n     H^k--  * 
imn  i»f  fivf  l<>  ci^jlil  |h.t  ixmiI    i^  in  Hm-J!  hard    a*»  ^*  j1<^     -. 
with  only  nm-halt  in  one  jkt  ix*nt      Thr  h.ir»l:K-x^  :v.  ::r  s  c-  .c 
iMM-  {"^  ilui*  lo  cxiX'Hsivi*  •*ilio»n.  and   mi   thv    lattrr   :•      •  ■  .       <  \ 
larUin.      The  hii*!!  Mljitm  irt»n  uhrn  f.u-llvtl  u*.th  •'tii:    :     . 
niixtuiVN  |>ossf^si*N  ihc  ]»ni)t«Tt\  i»l   liirrnii*   ihr  *  ir**-'     •  ,.: 
\o^l^;lu*«l  slalo  an*!  alKtwinv;  il  lo  ir\Hiar,wc  !:i  ii'j;-'.  :      .    . 
In  ihi'  inanntai  tnti*  i»!   li^jlil  laHinnj-*.    <»•%!•   fixtun-        -   ik 
cU*  .  when  llu"  ailiilv*  aik'  i»t  niA"rH'^il%  Hiua',!  mu\  !*.i;ti    .. ■ 
toun«lf\  iniNturv  wouKl  ihill  in  llu*  «-a<«:Mih'   jiui   t.-jki    «       .  .ik 
aitic'K*  ot  wliilv  ntin       \\\  thi*  iuilu  nai'*  a.!:;»v\!ii:v  ^^r   *.     •  ■ 
Ihis  U'n«lcnr\  lo  rhiU  anit  whilm  :^  i»wfi«»:iic     an.',  j  ^--u*       ^-i 
lasttn^  ina\  Ik*  nia«ti*  m  *  a^  •»  uhrn-  \\'!?ii»ut  !hv      ^-.''.f-c* 
wonlcl  Yk'  an  un|M>ssi)iilii\ 

Sinti*  '»ili«t»n  I**  llu- vlvnirnl  will*  !i  jiiiNlun'*  t)r**lv*:r<*   *  ".  •? 
It  wouKl  Mt-ni  thai  a  Si1vvf>  tion  <«!itiu!«l  t^-iuttian^'.  1  ':.|^    <     - 
than  N*»    1    Founilr\        Smli    liowcwi    :*   rnii   sht-   %  a*«-     :    ^  •• 
Fuundrx  o|  thrt*t*  tothrrr  atnl  i»nr  hal!  ]n'  -xnt    '•du**!-.  ,•  -.        • 
nik;  ti«Mn  a  ilollai  to  t\%(»  tlollar^  |K*r  ton  !n<«fv  lha:t  >^1.\'  * 

l*iur  lt>  t'lvr  |H'f  *'vnt       \\*h\    ihi^  ^hou!*!   ^ir  ^*  .«  it^^C  1  a*^   v    c  » 
jilani  :   aUhc»ii>;h  tounilr\    nivn  nia\  rintt   ^>mr  t-\iu*c    -     va        1 
thai,  a^  thfir  aim  t-*  \*»  ••ro«tu«^*  .1  i:!.iph'.t;t  *  a^iiii:    t*u  *  -  --    N 
I   l*onit(lr%   lion  lfu-\  nniihtx  thi   tu*>'t    iira^'hit'.i   aM«l   «  v.    •         « 
ihiMi  |it«itlnit       A  httU*  frrti-%tii»i.  wiiitiii  "t^.-tw  t!:At  t:u  "  -  1 

ul  lartMMi  (\%hrtlu-r  ii^rafhiiu   •••  »»•!?  ♦•itu%l     mi  thr  •S'»i  -     %•      » 
|H  t-ntiirlx  •♦\rrthT»»\\n  *»\  tSi  tnrl!-!  v;  ''■     'i'.»»*.i*»       im     r*i*   . 
«iho»n  III  the  ^»Urnr!   j^     tr|««-iu!i»l    .:;-'•:    t*     :?:!%  \%    '.).:    .  a"    • 
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the  casting  into  the  graphitic  condition,  the  more  silicon  (within 
certain  limits)  there  is  in  the  mixture,  the  better  will  be  the  results. 
On  this  line  of  reasoning  it  would  evidently  be  economy  to  the 
founder  to  buy  Silvery  and  No.  2  Foundry  iron,  both  of  which 
can  be  had  cheaper  than  No.  i  Foundry,  and  by  judicious  com- 
bination to  bring  the  castings  to  any  percentage  of  silicon  desired. 
The  more  scientific  way  by  far  would  be  to  base  the  price  of  the 
.softening  iron  upon  the  percentage  of  silicon  therein. 

A  few  analyses  made  of  various  grades  of  pig  iron  will  show 
that  although  silicon  changes  carbon  to  the  graphitic  state,  yet, 
when  in  excess,  it  lowers  the  carbon  by  actually  displacing  it 
from  the  iron.  As  these  irons  varied  widely  in  grade  no  com- 
pari.son  can  be  made  between  the  percentage  of  silicon  and  that 
of  graphite,  other  than  the  fact  that  both  low  and  high  silicon 
irons  are  low  in  graphitic  carbon. 


No. 

Silicon 

6407 

1.88 

6383 

2.17 

6389 

2.50 

6312 

2.36 

6399 

2.92 

6393 

3.10 

^391 

3.75 

6395 

4.25 

529S 

.S.03 

Graphite. 

Com.  Carbon 

2.86 

0.25 

-a 

■  •  •  ■ 

0.16 

3.27 

3.20 

It 

2.72 

2.67 

In  the  high  silicon  irons  there  was  very  little  combined  carbon 
and  the  decrease  in  graphite  is  due  to  actual  displacement  or 
crowding  out  bj'  the  silicon.  Mr.  W.  J.  Keep,  of  Detroit,  in 
Trans.  Mining  Ejigincers,  1 7,  gives  further  tables  on  this  subject, 
.showing  that  in  higher  silicon  irons  this  element  entirely  dis- 
places graphitic  carbon;  one  containing  15.38  percent,  silicon 
having  only  0.79  per  cent,  and  one  of  23  per  cent,  silicon  absolutely 
no  carbon. 

While  it  is  true  that  high  silicon  makes  brittle  pig  iron,  it  does 
not  follow  that  brittle  iron  is  always  high  in  silicon.  During  the 
month  of  August,  1890,  a  large  amount  of  soft  lake  ores,  high  in 
phosphorus,  which  had  accumulated  in  the  stock  house,  were 
put  through  the  furnace.  My  attention  was  very  .soon  called  to 
the  weak  and  brittle  nature  of  the  pig  iron,  and  the  brilliancy  of 
its  fracture.  The.se  were  almost  exactly  that  of  a  three  per  cent, 
silicon  pig  iron,  while  analysis  showed  it  to  contain  only  about 
one  and  one-half  per  cent.     Phosphorus,  however  ran  from  0.850 
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to  0.902  per  cent.,  a  fair  averaKc  analvMit  ^h«mitiK  a^  !*»r%«« 


i.  iHnl»tor«l 

T*it*l 
MU\%m 

1  mt 
•4 

Nul|»hur 

I'htMphutUk 

MaiiHdiuvM 

■  «    11        m 

.1.1  J 

Since  the  avera^^e  phosphoruh  in  Hublwrtl  SioCih  1%  jl«»u: 
percent.,  it  is  evident  that  in  this  chaste  the  weak  nn«»  4ml  \>t\\::A'^  - 
were  clue  to  increasetl  phonphoniA. 

Since,  to  those  not  in  the  habit  of  hantlhu^  pi|C  ir«*<^  t^c  .  : 
ference  in  the  physical  a)>pearance  of  inm%  uiatic  it  j  \i:^t.  r  « 
low  heat  may  not  tie  \*ery  evident,  it  nii|cht  \k  «i-ell  t*>  m^r*.  '::c-r 
in  tabulatett  iunn  a  li?»t  ot  the  main  characteri<4K^  miicfr*.  «  ::.< 
two  can  l>e  distin)(uished.  All  other  thin^^  Ijchik  c\|ual  !;•<  r 
in  higher  in  silioni  than  cold  inni :  and  b\  cUkv  attrtit;*^:  :* 
ttliKht  variatiuns  in  the  heat  received,  and  b\  carelul  %:ul«  ^  :  '.::« 
surface  indications  hereafter  deMrrilietl.  a  ^illtul  o^Mcrwr  .  a^ 
fonn  a  vcr>  shrewd  opinion  asi  to  the  |ieri*rntaicr  i»l  Mlu«*t.  :i.  ai-* 
cast. 

iiii.n  lit«iN  HiiT   :a.*N 

|-lti««  Ihtii  lit  «  ■•lititf  ^U.««  thi.  i     «iit'i««t.     •• 

1      %|»aik:«»  •litflillt  in  lutiiirt  t       law*  wi,«  •^•*^'t 

I  ill*    |flB    tif  •!•    t«|<i<ll«  ■••,lll*(»      -^tt*  '        ,m.  1-1 

■  «•!■ 
4      l.ra%r*  |iik   '•«'«I«  U«»kiiig   » Iran  «      I  «•««•   y%    *««!«    *.       .•    •    •  i 

*       II  ft  fr«    ti4r«t»  arr      •hrrtrd      t*f  •       H      •lbr«9««S       tk«      •>.•«         .1  «  • 

»«i%rrcit    li«    ■  tu»h  ttf   ifim     ttir  «m4     «ia^     i»i4.    i^i^     *a«p«  <l        «. 

•  hrri         ftitik*     infti     ihr      pm  **>'**»«•  H«^«  %  .«««^ .  t   a^    «    »    ■ 

■tt«-uMa   Alul    Ira«r»  ••titt    •   inin  >f  iviwt 
«i(littc«  (itt|t  tt«*ur  •!(  sriia 

e      •»«  ra|i  ami      •tn'-      infumirri*  f       ^t«|i«ifc«*k  a^  v« « • 

tliin  anil  ii^^t 

•  f  at  Wat  ■•»•«••■• 

.       k  t«  •la'*  •In!'   ittfttintl  Aii.t  pn.r  «.  ti  «!•'••  ^  '^^fcl  a^J  w«^  14      « 

nrnt 


•  I«A»  *r  a»««^M  •     m  »•%  • 


««lgr «  t«*  a  aUgt)!  .v-^itvait* 

11       %wr  f  At  r  Mi*f«i<>t  •!•  t     *'.w\.  .  <.^  %«*1».«     •MHfta%      ^/-.i-a        • 

t«tli;ti(    Alt  *iu'-*  'r«  «tt^     • '^M     aak.*      )•>.«        %f     ^. 


m  rinkTffU  *.k«  •«"»■<•»•       t..   « 
•  «         ftltak*      ta,««'t      A.ttMa       •    *.t        a  fe'*«k»      «  #!««  ^i         »«       ,.  « 


a4k«riac 

la  iMigk  aK4  Mt^Ag  t       !• 
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As  I  have  said,  these  are  the  general  physical  distinctions 
between  hot  and  cold  iron, — that  is,  iron  above  and  below  a  No. 
I  Foundry  heat.  Knowing  the  general  average  of  silicon  pro- 
duced by  a  certain  mixture  of  ores — with  a  given  blast  and  coke 
supply — ^these  physical  differences  will  serve  to  give  an  approxi- 
mate idea  of  the  amount  of  silicon. 

By  far  the  best  criterion  of  silicon  is  that  afforded  by  the  surface 
of  the  pig.  On  all  Hubbard  irons  over  No.  2  Foundr>'  grade  I 
have  found  certain  peculiar  markings  of  surface,  which  vary  with 
the  silicon  content  and  form  a  standard  of  reference  for  it.  A 
liigh  silicon  iron,  when  not  roughened  by  kish  or  sand,  has  a 
smooth  and  slightly  wrinkled  or  pitted  surface,  with  a  continuous 
skin,  nowhere  broken,  but  frequently  indented  with  shallow  de- 
pressions or  pits  about  the  size  of  wheat  grains.  This  surface 
is  characteristic  of  medium  and  high  grade  irons  over  2.5  per 
cent,  silicon.  While  the  surface  is  very  difficult  to  descril)e,  the 
appearance  can  be  readily  seen  by  reference  to  Fig.  i  of  the 
accompanying  illustration.  No.  i  Foundry  iron,  silicon,  2.78  per 
cent.  It  will  be  noticed  that  although  the  surface  is  pitted  the 
skin,  or  outer  layer  of  oxide,  is  not  broken,  but  flows  continuously 
over  all  heights  and  depressions  of  the  surface. 

When  the  silicon  is  lowered  to  about  2.5  per  cent,  a  few  small 
angular  holes  appear,  as  if  around  some  of  the  indentations  the 
skin  had  broken  away,  leaving  a  hole  atout  one-eighth  inch  in 
depth  with  jagged  and  angular  edges.  These  may  l>e  seen  in 
Fig.  2;   No.  I  Foundry  iron,  .silicon,  2.59  per  cent. 

As  the  silicon  decreases,  the  size  and  number  of  these  spots 
increase.     Fig.   3  shows  very  plainly  the  surface  of   a  No.    i 
Foundrx'  pig  containing  2.15  per  cent,  silicon.     As  will  be  seen, 
the  surface  has  about  one-third  of  its  area  covered  by  these  broken 
and  rough  spots.     The  appearance  can  best  be  imagined  by  sup- 
posing the  original  smooth  surface  to  have  cracked  or  peeled 
away,  like  a  coat  of  poorly  applied  paint,  showing  the  rough 
surface  of  the  iron  beneath.    Below  1 .5  per  cent,  the  iron  becomes 
ver\-  rough.    The  original  smooth  surface  has  then  almost  entirely 
disappeared,  and  is  represented  only  by  little  patches  here  and 
there  rising  like  flat-topped  toad  stools  from  the  rough  iron  below. 
The  upper  surfaces  of  these  *  *  toad  stools ' '  are  on  a  level  with 
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each  other,  and  can  Ix*  readily  seen  lo  indicate  the  onicina!  V'^tC 
surface  o|  the  molten  pi^.  which  on  cfMilin^;  ha^  %unk  axni  %h'  r-14 
away.      Fix.  4  of   No.  2  Foundr\  iron  with  1   ;^  j>cf  ix-nt    -^:      •  - 
shows  this  peculiarity.      This  the  breaker^  terni      !iuk*r       •   - 
:\  name  aptly  des^Tf^jtive  IkjiIi  of  the  nuriaix*  a|Hir.irjn%.T  xr.  .  *'*k 
touj^hness  of  the  i:ictal.      The  "  shaqmc^H  '    of  l«»w  %it'v^»n  .-  -.^ 
as  the  aj)pearance  shown   in  the  illuNiration"*  1^  %*mI!\    tc—     -. 
while  a  valuable  criterion  of  silict)!i  j»crcenta^r  j'id  ••!   n.u  *.  .    , 
in   Mirtinjj   iron,    is  n<»t  applicable   to  metal  o»Ulcr  thin    N* 
lM»undr\ .      h'or  ijratle^  Irom  No.  2  Foundf\  t»tSiKer>  the  a:t*i* 
ance  here  ilescTil)ed  is  characteristic  and  reliable      In  tj*t    Ih*   t 
never  si*en  a  Hubbard  So>tch  iron  c»!  thcM:  k^^*J<^  •"  *^  -  ^  -^  * 
desi-ription  did  not  hold  x<mk1.  and  by  clo^tr  attrntt«»o  ?•»  :hc  !*»•. 
ture  an<l  the  surface  shaqme^s  I  have  ver>  frrt|urnt2\  c'\rr:   »rjd 
have  seen  the  shippin^j  clerk  jc've.  an  opinion  <»n  the  ^iIk^««?  *'« 
lent  which  analysis  sh<»wetl  within  o  1  or  *»  2  j»rr  i-rnl  •♦!  the  tr^ar 
amount       In  shipping:  iron  <lirei*t  fri>ni  the  pt^  lir«l  thi%  r^ctV** 
of  jujijjment  lK'it>mes  invaluable,  siiux*  it  fret^umtU  haj»f^n%  •*!-*• 
a  hot  ca**l  i**  nuule  showin^^  ever>  other  apitraramx*  os  htich  %,*:    •  rr 
iron  but  with  more  or  le^s    '  shaqmc^s   "  of  surtatx       l!  th-%  Ur*rr 
|M>iut  wen.  not  nuiicvtl.  the  in»n  mivcht  K-  iiuTtirtliatcU  *i«uhlc**  >  r 
shipment  to  .1  iiumutai  ttirer  whourdrrs  a   hi^jli   '*:!u^»n   :r^  r    it*.! 
IS  viTN   parttcnlai  U*  pfiKiire  it  .    while  1!  the  '*haq»tK^s  ot   *urt*»T 
Jh  known  to  !k-  a   rrli.iblt-   iTitenon    tIu-    :r»»ti    \%»»u%?    %    h<.       ?  « 
.iiiaK**!"*  l»e!ou   lo.idink;  «»ii  i  ar** 

IUl<»w    No    .♦  lMiundr\   j^raile  the   bliMrretl    %ur!4%x  dvic  !       :    4 

o|   hc.i!    apiHMTN   Mu\    lua-^kn   the   •«harpnrx^  oj   Io\*    ^iIh t* 

I'l^H    ^  .iiul  7  hIhjw   No    I  Mill  pij*  with  il^  V  harAitrn^^A  *»^  *te-Ts: 
sniJare  and  «»|K-n  hoU-»»  ilm-  to  *trijki!i.:   «»:   ••It^trf'*  or  a**    •  .'#  m^* 
|-'i^    '»  sli«.v\*»  .1  M*r\   loUl  vjiax    !ori^r  iron  ol   i   4^  jirf  ixn!  *:Ix»ttt 
'flu-  H\irt.u  f  «>!  thjN  iH  i!itpl\  I'laf  kid  w  !lh  bl:%tcr^  am!  *4««m   S  sjr% 

Th.it  thf  '*!i.ir]»nr«»'*  o!  %ut!.i»v  Iu  rr  i  rvd^to!  to  *«%•  %■".  u*  -  ♦ 
not  bT«»iifc:!il  i^-'Vl!  *■•  ''tV-iT  i^tn  ^  -^  t\sir*.!  ?r«»tt.  thr  !*.t  t .- tt 
altl*.«  u.^ !.  !!i  •.  \\«  \i  r-*  >»4.t; .«  !\\t!'.!v  .*.•••  'i!!  -i*?'  .  •! -%  tdrTc  ^^«si 
".!•.!;:«   tiiTT.itt   t!r  N  •  l;.r  u  ti  r  •'»ttt    .»*\\  .»\  *  ♦-*  t.r  tio!       M  •*•'••--    • '^ 


^»   •  *  -     '  Zft 


!::i^l:  pV.»  •^;»)»«  •!  n"*    'o.'i    iturit'  vt «'    «'n    j»i<^t     4'  .•    jwv^^-x^r*'.    t-x"' 
\i!\    !!t-.i!!-    *^i.i!  ^h«'\"  "Tj   !  •..      *.      ^••.^.   i**v:t  ».:!<■  h^'»  t*" 
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covered  with  sharp,  open  spots.  In  high  silicon  mill  irons  men- 
tioned on  page  456,  the  surface  was  smooth  and  clean,  without 
the  blow-holes  and  blisters  usually  prevalent.  This  may  be  due 
to  high  silicon  acting  as  in  steel  castings,  to  prevent  uns'^undness. 

I  am  not  aware  whether  silicon  affects  the  surface  of  other  iron 
as  it  does  Hubbard  Scotch,  but  would  be  glad  to  have  the  opinions 
of  others  on  this  point.  The  only  claim  I  make  for  this  as  a 
criterion  is  that  I  have  found  it  very  reliable  on  Hubbard  Scotch 
Foundry  iron  from  No.  2  Foundry  to  Silvery  grade  and  between 
1.5  and  3  per  cent,  silicon. 

The  question  of  the  state  in  which  silicon  exists  in  pig  iron  is 
one  that  has  been  often  raised  but  never  satisfactorily  answered. 
The  reason  for  the  obscurity  surrounding  this  question  may  be 
found  in  the  lack  of  practical  value  of  its  solution.  Had  the 
difference  between  graphitic  and  combined  silicon  the  same  metal- 
lurgical importance  as  between  graphitic  and  combined  carbon, 
the  question  would  long  since  have  been  answered.  It  is  stated 
by  some  metallurgists  that  silicon  in  hot  irons  is  both  free  and 
combined,  and  in  cold  irons  it  is  altogether  combined.  That 
silicon  in  hot  irons  does  not  accompany  graphite  in  the  form  of 
scales  or  crystals  may  be  seen  from  the  following  test.  A  large 
sample  of  drillings  was  taken,  in  which  graphitic  carbon  was 
2.98  per  cent,  and  silicon  was  2.96  per  cent.  Now  if  silicon  existed 
in  the  same  form  or  manner  as  graphite,  we  should  expect  it  to 
accompany  graphite  in  equal  proportions.  The  sample  was 
shaken  in  an  eighty  mesh  sieve  and  the  dust  passing  through 
found  to  contain  6.49  per  cent,  of  graphite  and  2.87  per  cent,  of 
silicon.  This  proves  that  silicon  does  not  lie  between  crystals  of 
pig  iron,  or  coat  them,  as  does  graphitic  carbon. 

I  have,  however,  often  noticed  that  silica  which  results  from 
the  analysis  of  iron  has  a  certain  grain,  or  crystalline  form,  re- 
sembling the  iron  analyzed.  For  example:  the  silica  from  a 
No.  I  Foundry  iron  appears,  when  filtered,  in  large  translucent, 
gelatinous  crystals,  mixed  with  scales  of  graphite,  giving  the 
insoluble  residue  almost  the  exact  appearance,  except  in  color, 
of  the  iron  from  which  it  was  obtained. 

In  filtering  a  cold  iron,  both  carbon  and  silica  appear  as  a  slimy 
black  precipitate  or  residue  which  usually  takes  a  long  time  to 
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hum  while.     This  is  fsjict'ially  »olu*i\:hIc  \%hcri    ..   r-.: 
driven  hard  and  ihc  iron,  while  o|  fair  >;radr    IjcVl'*  the  :  i'^!-— * 
aiul  S4>llne>s  wliich  »i!iouKI  \k'  present   in  a  >:«»"l      S^^'ti': 
In  I'lltcrin);  ihe  resi<luc  ci!  such  imiiH  ihi*  iarU»n   jkiui  ^•.'     a      '' 
nr.v'.isiin^uisiiahie. --lK»th    tonniii}^   a   >hvA\    i:ra\   de;*-::   •*    '■'•'' 
casserole.      In  l>nrnin}{   such   re*»iilues  il:e  •»ihi.i   rare'*     r-    .*' 
Ian  iis  pure  while,  hul  relains  a  dull  y^tjis    a!f|^jra!u-r       « •rtr-t 
limes  iT\  sials  or  s|)ecks  of  hlack   graphitic  it>I*»r  arr  n«<UTi^«c 
which  do  noi  \  iehl  lo  pn>l<in^e<i  i>cnition       Thr««c  c^»  xu^.   A;^^*r 
lo  \k-  I  .irlM>n.  elsi'  they  woultl  M>il  the  tin>:er^  and  i*«»uM  uI?T::ti!T 
x  ieici  to  the  heal :   neither  do  thc\  ap|>rar  t«>  W  jcraph't^*  v**  •  ' 
sinre  n(»  surlac.'e  «>xidatioii  is  noliix-atile  ho^rxtf  the  s,::!-!-  -    • 
prol<in>;eil       TriMlmenl  of  the  iron  with  a  %tn»nK  oxitli/in*:  j^r--. 
such  as  |»«»tassium  fHTUian^nnate  or  hroininc    attrf  ^•►lu!'-'''.    •    ' 
lenioNe  thesf.      I  am  inclined  to  lielieve  that  in  thr^«c  at**!  *trr.'  ,i' 
cold  irons  a  t^Mulnnation  exists  l>ctwern  the  o»nihitirtl  «  Ar*»*r  i-*' 
part  o!   the  siliiim,  ami  that  this  acctiutits  for  the  ^ta^^    rr-^^itsr 
and  the  v:raphitic  s|H.%-ks  notiix*tlf»n  ignition      Morr«i\rr    the    *  •r-. 
hined  carlwHi  and  most,  if  not  all.  the  sdio»n  ot  i^»Ul   :r»»~.%    % 
^o  iut«»  H4)lution  III  tiilute  hoi  nilne  acni   uhile  the  m!!^^''-     •    ••  < 
irons  reni.nii'*  •gelatinous  under  similar   treatment       Th%   •   ^•. 
indicate    I    >tnnl.irtt\    of   tlie   omdition   oj  it»!-;*ittif-«!    *:'.  ^*  ■      1    .* 
t«M!ih:nri!    i.itUm       This   opinion    !•»    al****  sirr?:*:!^! 'ir^*  •  - 

.i;»|»e.iTati.  r  and  pinsual  <pialit\  ot    ««n»  h  o»ld    ir«.v        T-    *  . 
tin    r.iattrr     llu-  -ilu«»n  o!    hot    in»n'*   apjHMTs   to  V-  :•»  *,)^r  ?•  *•       • 
an    i!l«»\   wwU  nut  dlic  iron    torrain^:  a  trxstallinc  skrV?"*    a"  •-   ■ 
and  tlu»»nv:}i  whuh  pii:  ir«»n  oi  lnk;!i  kjiade  !«»n!is  ♦•:  it*  .  -.i»-.  '.r- 
\>\\K   I.i!;:i  ^TN^tal-    t  .11  li  M-paiated  tnun  its  nrJich*«"^^«'*:  ."    <*  • 
1»\    .1  flaKt   ••:  ^4   I'.r  o!    vjTaphiti-    \\\\\*  !s    !s  tor^x**!  !•«••.,    ^     jt*  r:     t 
tht    iTi'!-.   ^\    tl:i     ^Tt  itiT     athintt\    •••    silu^in        T*':--*    ^•^<A.    7» 
>Kt'.rt'»t:  ••!    «»:!'.*«■!'.  *   m  rt  .idil\    \k'  MtMi  a**  '♦thi  i  oi:  .'.■%'w^.^\  •  ••  ^  V-e 
h'.^jii    ^i  I'U     "..v     ir'»<l    I  \a?ninini;    the    •.'»'.i!'::       \\':r  .    '.    c    »>  :. 
TIl.iN-M  -»     .♦    ^  !•      I    i':-    .♦    <  »•    \\\f   ^A*.:.t     >'T  .llltl  '*>..i;'^-   A*  !^*   ■  »•    4*'yi' 
l  :  ■  ^t  t .-  '»!    j.-^     :••'  I'.  !:;»    I'»\%r*  ,;:  .idf  it»Mt  •     •-  :i%    !  ,'v«    «2.s«it 
M't   'k'M^   j.m -m  m'     •;   ^  :!!'..  'rTi!  ijn.i*lt:!\   Tlof  the  hca!  '^^  «  J<  Vir-^:;^ 
■»'.:   ::    I-  !  •    i!''\v    I  ^vr  x\''*r  •»»   \]\r  »^raphitv  mi  lari^r  Aakr<»    tW 
-»•_?,.  iri  .t'.  .  :•  r*  ->:   •. '.  <      .i»  *«»'j  .ip*N-  ir^  to  rrMiam  ^  hrm*x  i*S  »•  _. 
•.!uil  ■::    :.i*     :•!*:.■■     •:    \U\     ::♦•••.      ?\«.!.il%        This   «»5»;r-s.c,      •      J 
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must  State,  merely  a  personal  one,  on  which  I  would  be  glad  of 
the  ad\nce  of  others.  Mr.  Keep,  in  Trans.  Mining  Enfrinecrs, 
17,  700,  notes  what  he  considers  a  combination  of  silicon  and 
combined  carbon  in  certain  castings,  and  Shinier,  Drown,  and 
others  in  late  papers  express  conviction  that  in  certain  irons 
silicon  does  not  appear  to  be  thoroughly  oxidized  by  the  ordinary 
course  of  analysis.  Could  silicon  be  removed  without  oxidation 
from  pig  iron  such  problems  as  its  chemical  relation  and  physical 
cpndition  therein  would  be  readily  explained. 

SODIUM  CYANID  AS  A  COMPONENT  OF 
POTASSIUM  CYANID. 

nv  Thos.  K.  Stillmax. 

The  valuation  of  potassium  cyanid,  for  commercial  purposes, 
is  dep>endent  up)on  the  amount  of  cyanogen  present,  the  salt  being 
rated  from  "30  per  cent,  cyanid"  to  "98  per  cent,  cyanid" — 
the  former  selling  for  twenty  cents  and  the  latter  for  sixty  cents 
j>er  pound.  The  determination  of  the  percentage  of  cyanogen 
is  usually  made  by  titration  with  semi-normal  silver  solution, 
and  in  chemical  manufactories  where  p)otassium  cyanid  is  made, 
generally  constitutes  the  entire  analysis.  Potassium  cyanid,  when 
pure>  contains  40  per  cent,  of  cyanogen ;  '*  98  per  cent."  would, 
therefore,  indicate  39.2  per  cent,  of  cyanogen,  and  * '  30  per  cent. , ' ' 
12  per  cent,  of  cyanogen.  A  sample  of  the  former  recently  sent 
uie  for  analysis  gave  by  titration  42.33  per  cent,  of  cyanogen,  or 
a  rating  of  105.87  per  cent,  of  potassium  cyanid.  This  result 
immediately  showed  that  another  base  than  potassium  was  pres- 
ent, and  one  also  whose  combining  weight  was  less.  Sodium 
Ijeing  indicated  by  qualitative  analysis,  a  quantitative  analysis 
of  the  sample  was  necessar>'  to  determine  the  proportions  of 
potassium  and  sodium  combined  with  the  cyanogen. 

The  method  adopted  was  as  follows :  The  cyanid  was  weighed, 
transferred  to  a  platinum  capsule,  sufficient  water  added  for  solu- 
tion, then  dilute  sulfuric  acid  in  excess  and  contents  evaporated 
to  dr>'ness  and  ignition  to  constant  weight.  This  represented 
sulfates  of  p>otassium  and  sodium,  and  after  solution  in  water 
and  acidifying  with  hydrochloric  acid,  the  sulfuric  acid  was  pre- 
cipitated and  weighed  as  barium  sulfate  and  calculated  to  SO,. 


• 
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These  detenninations  gaYe  a  iiieth<Ml  nt  i4>tattiTfik:  thr  ;>rt 
tions  of  potassium  ami  sfHlinm  in  the  wei)che«l  alkahiic  «uluu 
as  follows. 

•4  /  |tart»  ky«»  fr«|uirr  %i*  |i4irt«  <*i*,  fur  k^*, 
t-*  "  ■%•,«»  ^  ••••,  NA|y%tr, 

l.ct  4 .  -  wrtcht  mI  •ntUtc  > 

«  k,i* 

*   .  \*,«» 

lli<tit._«>%4  ««•      t 

\  ■•-  %   .  i;  -■  ^1 

I  ^  Ml,     .    *«  1. 

. .  4  V* 
%   ..  «.    -     .Ml.    4   « 

HaYiii)^   obtainetl    the   Yalues   ot    |M>taHMuni   oxid    Mn^i   ««:.33} 
oxid.  they  are  calculate<l  to  }iotaviium  and  <witltuni   thr«c  itr-^^t^ 
multiplied  hv  |(m>  and  diYidetl  h>    the  weight  ot  cxanu!  tJ&r^ 
the    results  ))ein>;  the    fieriXMitages  of    fMitasMum    4*i«!    v«1--=zt 
resjHM'tivelv  in  the  cvanid       II  to  thesr  result**  i*  Jiddn!  !'-.c  -.^^ 
ix'Utajje  of  cyanojr^.n.  as  determine^!  h\  titrati<m  «it^  %rrT*  •>  --=  * 
silver  solution,  the  analxsi^  is  ctmiplete. 

A  ^mpK*  ot  the  (*\anid  aUivr  mentioned!  .i<»  o»nt4:nrr.^-  ^«.  m 
as  well  a«*  |M»tasMuni    >:.ive  the  |olln%%inK 

\itifttnl  •■!    •«!!  t«kcti  l«r*  •««•«•!•     -   «    .  fir* 

•« 
k  ,•••».♦  N  *    "*«  ' 

4   - 

,  ■         t-  •  ■  •     ■  ••  « 

»  ,■        •  ■  ,  -^ 

.■■•■,■**»•  •»  ,■•         *»■ 

K«  •  .  .  i'- :.  (  •        «  •-> 


!,>,»••■--  "  •  »    i^        t  i, 
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This  cyanid  of  potassium  and  sodium  (though  marked  potas- 
sium cyanide,  98  per  cent.)  is  sold  at  a  lower  rate  than  the  98 
per  cent,  potassium  cyanid,  and  for  many  purposes  is  superior, 
as  it  contains  a  higher  percentage  of  cyanogen.  An  examination 
of  the  formula  for  its  manufacture  shows  that  it  can  be  made  at 
a  less  cost  than  the  potassium  cyanid  alone.  Potassium  ferro- 
cyanid,  or  sodium  ferrocyanid,  when  heated  in  covered  crucibles 
is  converted  into  potassium  or  sodium  cyanid,  iron  carbid,  and 
nitrogen  ; 

2  K,Fe(CN),  =  8  KCN  +  2  FeC,  +  N. 

2  NaFe(CN),  =  8  NaCN  +  2  FeC,  +  N, 

100  pounds  of  p>otassium  ferrocyanid,  at  thirty  cents  per  pound, 
produces  70.65  pounds  of  potassium  cyanid.  98  per  cent.,  at  a 
cost  of  forty-two  cents  per  pound ;  and  100  pounds  of  sodium 
ferrocyanid,  at  twenty  cents  per  pound,  produces  64.47  pounds 
of  sodium  cyanid,  98  per  cent.,  at  a  cost  of  thirty-one  cents  per 
pound. 

If  a  mixture  composed  of  117  pounds  of  potassium  ferrocyanid 
and  26  pounds  of  sodium  ferrocyanid  be  heated  in  covered 
crucibles,  the  resulting  compound,  weighing  100  pounds,  will 
closely  approximate,  in  composition,  the  sample  submitted  to 
me  for  analysis. 

Laboratory  of  Analytical  Chemistry. 

STKVKNS  INSTITT'TK  of  TKCHNOLOr.V. 

THE    VOLUMETRIC    DETERMINATION    OF   COBALT. 

By  William  J.  Karslakk. 

The  precipitated  potassium  cobaltic  nitrite  is  add^d  to  a  slight 
excess  of  caustic  soda  or  potash  and  boiled  until  entirely  decom- 
posed ( until  supernatant  liquid  is  colorless)  into  cobaltic  hydroxid 
and  potassium  nitrite.  To  the  filtrate  j\  potassium  perman- 
ganate is  added,  drop  by  drop,  to  violet  color ;  then  two  or  three 
drops  of  dilute  sulfuric  acid  over  and  above  that  necessar>'  to 
saturate  the  excess  of  sodium  or  potassium  hydroxid,  and  then 
potassium  permanganate  in  excess,  shaking  thoroughly  during 
the  operation.  The  dark  violet  liquid  is  then  strongly  acidified 
with  sulfuric  acid  (concentrated),  heated  to  about  80°  C,  and 
the  excess  of   potassium  permanganate   determined  either   by 
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direct  titration  with  ,"4  oxalate  or  hy  adding  cxix^^ot  ,  ♦  •  %*'.i!c 
and  re-titratin>5  the  excess  with  fMitassiuni  pcrmanifarLatr  T':v% 
j^ives  the  N,(),  from  which  the  co!>alt  may  l»c  calculatr*! 

•  •  *Mii  Km*    K, i*<»;  No,  ,  4>  H,(i  Kate     with  Kt  III     t «  #r  \  •^ 
"  \J«j?  «tthNA*»ll     w  •^^    V 

Thnir\    w  \** 

As  the  water  of  crystallization  is  not  definite  and  c-^»n%tj"i'.    '.'  *^ 
niav  l)e  the  reason  for  the  lownes?*  of  the  result** 

This  is  practically  Kinnicutt's  method  for  tttratum  €••  alk^'tric 
nitrites.  It  is  snp|K>se<l  that  the  alkaline  M»lut!«»n  i'*  Mift».^r.::^ 
dilute  from  the  washinyjs  )H*f(>re  titration 

THK    DKTHRMINATION    i)F    PoTASH    HV    TH: 
MHTHOI)  OF  LINIK).  AS  Mi)IUFIKI> 

HV  (;lai)I)INc; 

Difference's  in  the  results  <>|  detenninations  «»t  |Mi(A%h  in  ;«<i**- 
s;dts  causi'd  Us  t<»  investi>;ate  cntualU  the    mcth««!  **l  Lrrvi-     ** 
iii(Klitie<l  liy  (fladtiiiiK.  which   is  adoptetl   4s  the  oibitJi*.  rr*>  •.' 
I)y  the  AsMK'ialion  o<  Orticial  A>;ncultural  Chemists       W  h  >    ..- 
results  showed  <litfereni*es  of  <me  and  more  j»rr  irnt     u^.r?:  .* 
pare<l    with    ihoHf  olitaiiieil  h\    the  ofTuial  mrth«n1     **ut   rr^ .  :• 
.iVi'Cfd    j^i'iu-ralU     wi'll    with    thi>^-    olitaiuvd    *»\     ^  J;r !::.<•    *  :• 
a]>plu<l  the  s.itiu-    nirllnMl    .i-*   ur  \\n\      tlu*  tni?h«»*  rr\'^::::   <-.  <- 
.ttiil  «ltN<rilHtl  l»\    k     I'rrM-mu'* 

The  main   dittvmnf   ol   llu-    two    tiu*tho«S    :^   th.it    :!:r    <  -- 
I.iinlo    .i>  iiKHlit'u-tl  1»\   <tI.Mldnik;    «l'«**^  not  rt-^jutrr  !hr  ^--n .  v-%.    r 
o!   thr  'HuIt.it«-<«  ntt«>  ihloritU   JutoTr   tht-   prrv  ip:t4tioM    *.    ,     .-- 
ot   platniuin       K     l-uikriu-T    i //%t»tj^:*.  *   j,  t    .fij  >^•i.#.  «    .   p   *. 
.I''/  //    A'.'»'      ^«      hff/     ;*'v    A*     /tNift    t     2     »#^ ;  '    fr\'»»r:rr:<^r,  ,*    1 
nitth«M|    w  hu  li  |K  nnit'^  thr  i*Mimat:'»n  o!   |H>tash  dirrxt'^      -    *.  i-c 
HUiJatr**    pTi»\i»lfil  t^.  i!  '»tr.\   the  stili.iti'*  •»?  ^^liuin  jt>%l  j»  <A%*.  .  T; 
ar«'  pTiMiit 

Nat\iialiN  tlif  «pu'>!'.«'!i  a!iM*«»  v%hvthrf  thi^  \%.x\  V  .  ■  :»f 
salelx  in  the  analv  >i^  •»:  j«»la'»h  v^ili^*  o»nt4tn!nfcj  other  **c=i;»«»  :».i% 
lir^ides  the  '^ultalfn  •»!  p»tas%!um  and  Ho«!:um  A*  tothr  -icvT-^^i':* 
«»1  Tinioxinv:  thf  •^ullatt'*  *»\  .ip:»hi  ati««n  i»!  thr  *  h*«»rtd  of  •..*:-?  its 
nivth<*tl  ut  tmd  tht  !«•!!  w  m:^  ■»pnri»ns  iii  Frrscinu%  <j;ii"tri 
tueAnah^i**   2»  .•  >»        Tht  '{■:<  %•.  mh     '^  it  nr\e^vi?\  topprv  ■;    .x** 
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the  sulfuric  acid]  is  denied  by  Teschemacher  and  §mith,  if,  as 
is  the  case  with  saltpeter,  only  a  little  sulfuric  acid  is  present  and 
if  it  is  combined  with  alkali  or  magnesia.  The  question  is  to  be 
answered  in  the  affirmative  in  the  case  of  the  analysis  of  chlorid 
and  sulfate  of  potash,  where  the  presence  of  sulfate  of  calcium 
and  a  great  number  of  other  sulfates  is  to  be  considered.  This 
has  been  emphasized  by  Stohmann,  and  in  case  of  the  presence 
of  a  larger  amount  of  sulfates  by  G.  Krause.**  In  order  to  find 
the  reasons  which  induced  the  Association  to  adopt  the  method 
of  Lindo,  as  modified  by  Gladding,  we  made  a  thorough  study 
of  the  reports  of  the  proceedings  of  the  Association.  In  Bulletin 
No.  7  of  the  Department  of  Agriculture  we  find  a  comprehensive 
digest  of  the  literature  appertaining  to  the  determination  of  potash 
up  to  1885.  In  this  Bulletin  there  is  described  the  method 
which  was  adopted  by  the  Association  of  Official  Agricultural 
Chemists  at  the  meeting  in  Philadelphia,  in  September,  1884. 
This  method  requires  the  removal  of  the  sulfates.  After  des- 
cribing the  methods  of  Stohmann,  G.  Krause,  West,  and  Ulex, 
the  method  of  R.  R.  Tatlock  is  cited.  Then  there  is  given  the 
result  of  a  comparison  made  by  Zuckschwerdt  and  West  of 
the  method  of  Tatlock  and  that  of  Fresenius,  the  final  conclusion 
being  in  favor  of  the  latter.  **The  radical  defect  of  Tatlock 's 
method  is  found  in  the  solubility  of  potassium  chloroplatinate  in 
solutions  of  platinic  chlorid.  In  any  case  the  method  could  only 
be  used  successfully  in  the  absence  of  other  acids  than  hydro- 
chloric acid.*'  An  extract  of  Lindo's  paper  and  method  is  given 
without  any  comment.  After  a  number  of  extracts  from  papers 
of  minor  interest,  the  description  of  comparative  experiments 
executed  by  Wheeler  and  Crampton  and  the  recommendations 
of  the  Committee  on  Potash,  the  full  text  of  Gladding' s  paper 
(On  the  Estimation  of  Potash)  is  quoted. 

Gladding  starts  with  the  surprising  statement,  that  the  method 
of  Tatlock  is  (or  was  at  that  time)  a  strongly  advocated  modifi- 
cation of  the  (then)  official  method,  this  method  having  "the 
great  advp^tage  of  estimating  potash  directly,  whether  in  the 
form  of  chlorid,  sulfate,  or  nitrate."  That  this  is  not  the  case 
was  shown  by  Zuckschwerdt  and  West.* 

•Zt»chr.  anal.  Chcm..  ao,  1H5. 
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The  statement  "Again,  it  has  lieen  found  that  r\rn  j^hm  ♦be 
platinum  solution  gives,  in  a  blank  exfienmrnt.  a  rrMtiuc  j«^rtr\t^ » 
soluble  in  alcohol,  it  may,  from  the  prrMrncr  of  i^ritain  iin|»urt:><'^ 
give  results  far  tcK)  high  when  working  uith  chrniiiMlI^    ;'-t 
chlorid  of  |M)tassium  "  is  not  intelligilde.      If  thi^*  •^houU!  *«  :bc 
rase,  the  detennination  of  |)otash  by  chlorid  of  platinum  ««<i^ 
l>e  entirely  out  of  the  question.      But  we  are  not  a«anr  th-»:  as* 
iMHly  except  (tladding  has  made  this    inipn>tMihlc  olj^crMt^ci 
From  these  OJUsiderations  and  the  allegetl  difficttlt>  ut  ren»A'»c 
all    sulfuric  acid.    etc..    (Wadding  conclutle^   that       the    c^-»*'* 
tendency  to  error  is  at  once  evident.  "     That  i^  ti»  %a\    he  ^««j 
siders  the  methcKi  of  FreMrnius  as  unreliable  am!  tnHi^Cc-«  ca» 
and  he  would  prefer  the  methotl  of  TatUn^k  if  it  mA%  tKiC      ><  tb« 
one  <»bjection  that  there  is  a  lovs  var>  ing  fn>m  <»  tt>  <•  ^  prr  xim: 
F<»r  the    same  reason   ("  the  laUir  and    great  care    rr^utrrd  V 
make  an  accurate  }M)tash  estimation   tiy  the  ^amlard  iiirthF»«i 
an  examination  of  the  methotl  of  I^indowa*^  made      T1ii%c%as&: 
nation  showe<l    that  for    chemicalh    pure    chlond  «»!  |«Ca«%£Qa 
IJndo's  mctluMl  gave  g<MHl  results,  whde  for  sulfate  t»t  |m4a%^  t^ 
resultH  were  !i»und  to  l>e  t«K)  high  ami  (tladding  suggest'^      It  es^t 
Ik*   that    the   jiresence   «»!    free  Milfunc  acid   causes  the   errxe 
(il.ulding  is  e\i<lenll\  led  In  this  l»eliel  thruugh  I.imi«*  %  %u;5«'^ 
tion  that  in  esiunating  {Mttash  in  sulfate  «>f  |H»ta%h  in  the  j^nr^ca^.e 
<»!  >urtu  lent  h\  driKliIoru  acid  and  chlond  ot  platinum  the  reA*t^« 

K  Sn  -f  :\n:\  -f  PtCl.       K.PtCI  ^  U^^^^  • 

In  ordt  T  !m  ,i\"hl  tlir  nusiake  arisui^;  irotn  the  prr^«-iKT  ■  '  "ts 
•»u!!iin<  .!» '..!  ( '.I.i«I.!:!Jk:  reminmeiuN  an  atlditi«»n  i»:  ^h-  r-.  4 
"-mIiiiiu  .nn!  ,;tt-»  ^\  \\:\^  .i!trrati<tn  \eT>  vati«*!jiv  t«»r\  rr^..  '.*  1.^ 
Ttk'it'l'*  .»*  V  iir  .u  \ 

'I'hf  .i*»««\f  n.i.  ti«>ii  i^  !'.♦•!  MTx  plausible  ami  the  prr^^c-H^  t 
Iff*'  N\il!iiru  I.  !«1  "'.'.^!.*.  !"  *H-  ;'r«»\iii  *«c'Iorr  an  impf^-xerrjc**.  % 
h.iMi!  «Tj  th:-*  . I  •*•>•:  ?:::■!  •  •.  \\  t  think  that  in  the  prr-^r-i^T  € 
siitlu  u  lit  t  h!"T*.l  '•?    ;■!  i?;r'.r:*:.    !^i«-  rtiitt«»n  is  m«»fr  IiK^%    t     tilr 

;k^'»    .    '\'*k'.       :K  rtv. :  -  l*t.  S<  » 

ThiN   :^   at    !i.i>t    *A'.<    r*  i   !  ■       •  v    uhv!i    k      Fiiikcner    *a.w*    Ir^ 
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method  of  separating  sodium  and  p)Otassium  in  case  these  bases 
are  present  as  sulfates.  But  even  conceding  the  presence  of  free 
sulfuric  acid,  it  is  not  clear  what  induces  Gladding  to  believe 
that  this  would  cause  too  high  results.  Lindo's  opinion  as  to 
this  point  ought  to  have  been  known  to  him.  Lindo  says:  "  If 
the  reaction  is  complete  there  will  be  nothing  to  remove  from  the 
precipitate  that  alcohol  is  not  capable  of  dissolving  and  resort  to 
aqueous  fluids  in  washing  is  therefore  unnecessary.  If  the 
reaction  is  not  complete,  of  course  we  cannot  obtain  accurate 
results,  however  we  may  wash,  'Ctc,  etc."  This  shows  that 
Lindo  was  not  quite  sure  about  the  completeness  and  nature  of 
the  reaction.  Moreover,  the  presence  of  free  acid  would  tend  to 
lower  the  results  as  p)Otassium  chloroplatinate  is  considerably 
more  soluble  in  alcohol  containing  free  acids  than  in  neutral 
alcohol.  We  see  from  these  simple  considerations  alone  that  the 
addition  of  chlorid  of  sodium  is  not  necessary,  and  that  the 
expected  effect  stands  in  opposition  to  the  facts.  This  is  further 
proven  clearly  by  Mr.  Winton's  paper  "On  the  Use  of  Sodium 
Chlorid  in  the  Lindo-Gladding  Method  of  Determining  Potash" 
presented  at  the  meeting  of  the  Association  of  Official  Agricul- 
tural Chemists  in  1891. 

Notwithstanding  the  evident  defects  of  the  method  and  the 
very  unsatisfactory  results  obtained,  it  was  adopted  as  the  leading 
method  at  the  meeting  of  the  Association  in  1887. 

By  looking  over  the  results,  obtained  by  the  method  and  pub- 
lished in  the  Bulletins  of  the  Department  of  Agriculture,  we  see 
enormous  differences,  of  which  the  following  is  an  example 
(Bulletin  No.  28,  p.  71)  : 

1.  Kainite,   12.73  11.29 

2.  Cottoii-secd  meal 2.15  1.33 

3.  Commercial  fertilizer 4.3.S  .vHs 

4.  Hijfh  jfradc  fertilizer. 425  3.67 

The  figures  show  the  results  of  the  different  analyses  reduced 
to  the  same  amount  of  moisture.  As  the  different  analysts  found 
ver\'  different  percentages  of  moisture,  we  have  computed  in  the 
annexed  table  the  results  for  dr\^  substance.  This  lessens  the 
differences  somewhat,  but  still  they  are  large  enough  to  justify 
the  greatest  suspicion  as  to  the  merits  of  the  method. 
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and  we  have  invariably  found  great  differences  in  the  results. 
By  examining  the  precipitates  obtained,  we  found  that  those 
obtained  by  the  official  method  generally  were  contaminated  by 
sulfuric  acid,  lime,  magnesia,  and  ammonia.  We  found  that  in 
some  cases  the  official  method  gave  higher  results,  but  mostly 
lower  results,  notwithstanding'  the  impurity  of  the  precipitate. 
Especially  in  salts  containing  sulfate  of  magnesium  the  differences 
were  large ;  and  this  observation  led  us  to  a  thorough  investiga- 
tion of  the  method. 

As  the  precipitates  obtained  by  the  official  method  contained 
magnesia,  lime,  ammonia,  and  sulfuric  acid,  and  still  the  results 
were  often  found  to  be  too  low,  we  had  to  find  the  corresponding 
amount  of  potash,  which  must  have  been  lost  in  the  different 
o|>erations.  For  this  purpose  we  examined  at  first  the  different 
washings.  We  had  no  difficulty  in  determining  potash  in  the 
alcohol  washings,  but  on  attempting  to  determine  the  potash  in 
the  25  c.c.  chlorid  of  ammonium  solution  by  evaporating  the 
same  to  dryness  and  driving  off  the  chlorid  of  ammonium  by 
ignition,  satisfactory'  results  could  not  be  obtained,  and  the 
following  method  had  to  be  employed : — 

A  quantity  of  hydrate  of  barium  (7  gms.  Ba(OH),)  more  than 
sufficient  to  expel  all  the  ammonia  contained  in  25  cc.  of  a  half 
saturated  chlorid  of  ammonium  solution  (4.37  gms.  NH^Cl)  was 
added  and  the  liquid  boiled  until  all  the  ammonia  was  driven  off, 
then  a  solution  of  sulfuric  acid  was  added,  which  was  titrated 
against  the  hydrate  of  barium  solution  and  which  was  not  quite 
sufficient  to  precipitate  all  the  barium.     By  evaporating  to  dry- 
ness on  the  water-bath,  nearly  all  the  chlorin  present  was  driven 
off  as  hydrochloric  acid.     The  precipitate  of  sulfate  of  barium 
was  repeatedly  treated  with  boiling  water,  filtered  off,  and  the 
filtrates  were  evaporated.     The  excess  of  barium  and  any  lime 
present  were  precipitated  by  carbonate  of  ammonium  and  oxalate 
of  ammonium.    Then  the  magnesia  was  eliminated  by  the  oxalic 
acid  process  and  the  resulting  carbonates  of  sodium  and  potassium 
were  transformed  into   chlorids  and  potash  was   estimated   as 
chloroplatinate  of  potassium.     By  this  method  very  small  quan- 
tities of  potash  could  be  determined  in  the  different  washings. 
The  following  is  an  example  of  an  investigation  of  the  result^ 
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oblaiiicd    for  a   svlvinile  hv  the  nirth<Hl  of    FrrMrniu*^   i 
nieth(Hl  of   Liiulo  as  in(Hlific<l  l)v  (tladtlin^ 

MrthtHl  of   |'rr*cniu*  |MilB«h    i*4^j»*f«rn* 

l.inttt»(*)a(l«)tM|(  :«  *•« 

The  |)rccij)ilalc*  ohiaitittl  l»y  Fri*>i*niu>'  tiiclho*!  wa^  :•  tin«l  :•    '« 
free  from  ainnionia.  litnc.  nia>;iieHia.  ami  sulturu'  <ai't<i 

S«>t»  iv.  of    ihf  half   saturated  ehltind  ol  amnvntuci   -wltit'^a 
were  treated  aix*t»rdin>j[  to  the  official   tlim-tion^  !«»r  tmrtitv  >•«' 
hours  with  i  7042  >;ins.  of  dry  chloroplatinatcot  fmlA^^sua::  »h  vh 
wei>^hed  after  Ireatinent  1.MH7  jjni?*..  divM>lvctl  |Mirti«m  iiA%th<rT 
fore  o.(»K55  ^\\\.     This  wouKl  indicate  that  :^  iv   ^htmW  ostitis 
»»AK)4  ^  )^u\.  chloroplatinate  of  |M>tavsuini.  while  the  dirw?  drtcr 
uiinatioii  >^ave  o.ixK^i  ^m       \\\  exaiitinin>;  the  rr^sdac  *»«    :  *:*• 
>;nis.  tor  ammonia,  it  was  found  toomtain  amnionic  o{ui\  ax-r.:  i  * 
o.(H;fM)  chloroplatinate  of  ammonium     In  order  to  make  «^urr  it^*. 
the  ammonia  wa^  not  due  to  chlf»rid  ot  ammonium  o»ntJit*)r«l    ? 
the   resi«lue.  another  part   wan  caretulh    ua'^hctl   mtth    A***»;;tf 
alcoliol  ami  analy/e<l  lor  amtmuiia  with  the  vime  rr^u'.l  **  V>  rr 
Therefore,  in  the  chlorid  o(  ammonium  ««oIution  there  :^  t^-ntAis**! 
.in  a<l<I:tion.il  amount  oi   |M>taHh.  et|ui\alent  to  ♦»  »*/*■  jjn.    ^  it.*  r\' 
platinate  oi   .iinnioinum       Thi**  |»«ii.iNh   ts  ct|ual  t«»  «•  1  •*:   ^t.      * 
1  hloroplatinate  o|  |Mttas>uini      ^«  ■  •  n    o|  tlu- ^  h'.oritl  of  jirr.r.- ',   .: 
>ohilion  t  oMtain**.  thertton-     |M»ta^l)  etjuu  .lU-n!   t«»  *      **  ;  ^  ^-*     • 
<»  lo^i  ^ni        •»  !»#•>'»  )^ni    1  hIort»pi.i!J!iale  «•!  |»»ta'*'*i;;ri  a!--.'-  :*    v 
ioiitain  • '  '  •  "i^  ViVA    1  liloTiipLilnuitf  ••!   |»»ta^«»:r.::i 

Thiv   .iv;rii->    \tr\    wvW    with    thi     »*!re\!    ilctcrtr.Ttiat:-  r-      *-:», 
tlu-ietoTi-     \vr   UMtl    :••:     i!!    rr^^nlt^   tlu    *  »»rrtv  t!»»'i     ■!         •  •.  •.  41; 
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equal  to  1.46  percent,  is  removed  from  the  precipitate,  while  the 
difference  of  the  results  (15.45  percent.,  14.85  per  cent.)  is  only 
0.60  per  cent.  The  balance  of  the  actual  loss  and  the  apparent 
loss  must  have  been  made  up  by  impurities  in  the  precipitate  of 
chloroplatinate  of  potassium.  Indeed,  the  analysis  of  this  precipi- 
tate showed  that  it  contained  ammonia  equivalent  to  0.0 1 76  gm.  of 
chloroplatinate  of  ammonium.  This  calculated  for  potash  would 
give  0.0034  g^-  of  potash,  or  for  0.5  gm.  of  substance  analyzed 
0.68  per  cent.  The  remaining  0.18  per  cent,  consists  of  sulfuric 
acid  and  magnesia.  This  thorough  examination  of  the  washing 
liquids  was  repeated  for  a  number  of  different  commercial  potash 
salts  with  the  same  or  ver>^  similar  results.  In  all  cases  we  found 
the  precipitate  of  chloroplatinate  of  potassium  contaminated  by 
ammonia  and  in  many  cases  by  sulfuric  acid,  magnesia,  and  lime. 
From  these  experiments  the  following  conclusions  must  be 
necessarily  derived : 

1.  The  addition  of  chlorid  of  sodium  is  unscientific  and 
injurious  to  the  exactness  of  the  results,  on  account  of  the 
enormous  amount  of  alcohol  required  for  washing  the  precipitate. 
The  wash  alcohol  generally  contained  potash .  On  one  occasion  420 
cc.  of  alcohol  were  used  before  a  colorless  filtrate  was  obtained. 

2.  The  necessity  of  using  such  large  quantities  of  wash  alcohol 
in  combination  with  the  other  wash  operations,  makes  it  very 
doubtful  whether  the  method  of  Lindo  as  modified  by  Gladding 
is  a  simplification  of  Fresenius'  method. 

3 .  By  washing  the  precipitate  with  the  prescribed  half  saturated 
chlorid  of  ammonium  solution  a  partial  decomposition  takes 
place,  chlorid  of  potassium  being  washed  away,  while  chloro- 
platinate of  ammonium  remains  on  the  filter. 

4.  The  removal  of  the  impurities  from  the  precipitate  is  not 
complete,  especially  in  the  presence  of  the  sulfates  of  magnesium 
and  calcium. 

5.  The  method  is  therefore  entirely  unreliable  ;  the  results  are 
sometimes  too  high,  sometimes  too  low,  according  to  the  amount 
and  quality  of  the  impurities  contained  in  the  potash  salts. 

The  sooner  this  method  is  abandoned  the  better  for  all  concerned , 
for  those  who  buy  and  sell  potash  salts  and  for  the  chemists  who 
are  expected  to  give  satisfactorily  agreeing  tests. 
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The  volumetric  process  to  lie  explainetl  is  applicabSe  iml^  te 
mercuric  chlorid.  into  which  e\*er>-  other  comfmund  mu<  br  ;<t 
viouslv  converted.  The  nitrate  must  be  treatetl  with  hvdnKhV«x- 
aci<l  in  excess,  and  evaporated  to  dr>'nesBi :  the  incrcQrt^a%  %a^% 
are  submitted  to  evaporation  in  presence  of  hydnichk>rK'  ^^ 
and  of  potassium  chlorate. 

The  evaporation  must  lie  conducted  with  cmre  at  a  temprratare 
lielow  that  of  ebuUiticm.  so  as  to  axtnd  anv  Uif^  of  tacrvarx 

m 

chlorid  by  \'olatilization. 

The  pn)cess  depends  upon  the  foUofiinfC  principle  It  :o  « 
solution  of  mercuric  chlorid.  slightly  acidified  with  h>dr\R'hA3rkc 
acid,  we  add  a  solution  of  stannous  chlorid.  the  rocrrunr  «:h^od 
is  rciluced  first  to  the  mercurous  slate  and  then  to  mrtAllx 
mercurw  Hut  whilst  the  first  reaction  is  nearlv  iiKantAac«'«%^ 
the  Mn*t>nd  takes  a  lim^^er  or  shorter  time.  m>  much  the  l««icrr  «% 
the  ex(x*ss  of  the  stannous  chlorid  in  lr%s 

If  we  have  a  reagent  by  which  we  can  reotgnue  the  loior^ 
when  the  stannt>UH  rhlorid  in  in  excr^^s  !«»r  the  t»r<  rra*-t>»e  i-u* 
lifgiiis  to  prmhu^v  the  m-omuI.  we  ni.i\  h\  this  nie4n^  dctr^'si  -ar 
tile  mercury  vohinietricalU 

The  reagcnl  for  dctectui);  the  pn-Mrncrof  <4ann«»u^  chWvl    ^ 
i'Xi-os    in  Mxlium    moKUlate       I   di«i<M»lvr    a  Mnall   quan;!!\     4 
iii<iI\Uli<*  aniivdrui  in  a  "solution  c»t  Milium  h\dr\»\ul  or  i'^r!*<iA:r 
I  stri'p  ill  thiH  Ii«|ui(l  a  lUorM*!  of  filter  |u|»cr    which  I  «|«rrA«!  •<«=s 
wlnlM  wrt  u|M>n  a  plate  of  |MiriX*Iain       The  ^)!utt««ti  ««t  e^*«S 
datr  ou^ht  to  Ik*  fri-HhI\  prvpairtl.  ami  the  |u|tcr  i»t  ^%*^  «)ttml:tt 
It  uni^X  n«>t  taki*  a  \i-n<i\\  tint  on  iiiiiurr>«toii  in  the  alkaline  I><^;iiLi 
Tlu*  p.i*H-r  niii^t  \k'  <vv\h'*\  in  the  UKiKUIate  onI\  a  littjc  ?"=ar 
lHl««ri'  t!u'  rxjK  TMi'.i-nt    '-•th.it  it  nia\  in»t  ha\e  tiRK*  to  dr\ 

Thi*  pajKT  thii«»  j»!rp.iii«l  '•h«»\\^  a  rrlativeU  Uight  e%»>v*»  .< 
•»tann«»UH  ih!Mn«i  whuh  o»nuniitiu-ate^  t«>  it  ac\*^ifdie|c  U^  -t* 
t)uantit\  a  o»i<>r  \ar\Mi^  l;««tn  the  Ii^htr^t  «k\  blue  to  an  letrsnc 
\u\\v       Th>  ««•!.•?    1^  «liu  !■•  thr  foluttu»n  oj  the  im4\bdv   *k>i 
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Ammonium  molybdate,  less  stable  than  sodium  molybdate,  is 
less  fit  for  use. 

The  determination  of  the  value  of  the  stannous  solution 
may  be  made  by  means  of  a  standard  solution  of  iodin ;  but  it 
is  preferably  effected  by  operating  upon  a  known  quantity  of 
pure  mercuric  chlorid  obtained  by  sublimation. 

If  we  operate  with  iodin  we  obtain  a  slight  error  in  excess 
due  to  the  small  quantity  of  stannous  chlorid,  which  must  be  used 
in  excess  to  mark  the  end  of  the  operation  by  spotting  upon  the 
molybdate  paper.  In  any  case  it  is  well  to  determine  the  stand- 
ard of  the  stannous  solution  by  means  of  iodin  approximately,  if 
not  exactly;  this  serves  as  a  control,  and  facilitates  at  the  same 
time  the  exact  titration  by  means  of  mercuric  chlorid. 

To  prepare  the  solution  of  stannous  chlorid  I  dissolve  2  to  3 
gms.  tin  by  means  of  hydrochloric  acid,  and  dilute  it  to  i  liter. 
This  solution  is  preserved  in  an  apparatus  which  prevents 
alteration  by  contact  with  air.  I  determine  its  strength  as 
follows: — 0.2  to  0.4  gms.  of  mercuric  chlorid  weighed  exactly 
are  dissolved  in  50  cc.  of  distilled  water,  and  acidulated  with 
.V  cc.  of  concentrated  hydrochloric  acid.  Into  this  cold  solution 
the  stannous  solution  is  allowed  to  flow  from  a  burette.  If  the 
detemination  of  the  standard  has  been  previously  made  with  iodin, 
we  may  pour  in  at  once, without  fear  of  overstepping  the  limit, 
the  volume  is  determined  by  calculation  from  the  titration  with 
iodin ;  we  then  add  the  liquid  drop  by  drop,  stirring  carefully, 
and  each  time  putting  a  drop  of  the  mixture  with  the  stirring-rod 
upon  the  molybdate  paper.  An  excess  of  a  few  drops  of  the 
stannous  liquid  turns  the  paper  to  a  pale  blue,  which  becomes 
manifest  after  a  few  seconds,  and  which  an  experienced  eye  easily 
recognizes. 

To  obtain  a  well  marked  coloration,  it  is  necessary  to  use  an 
excess  of  from  0.3  to  0.5  cc.  for  50  cc.  of  liquid.  The  small 
quantity  of  mercurous  chlorid  placed  upon  the  molybdate  paper 
whilst  '*  spotting  *'  has  no  injurious  influence  upon  the  result. 

The  proportion  of  free  hydrochloric  acid  contained  in  the  liquid 
should  be  about  0.5  cc.  to  50  cc.  of  the  liquid;  a  larger  propor- 
tion may  occasion  errors  from  its  action  upon  the  molybdic  acid 
in  presence  of  filter  paper. 
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To  obtain  exact  rt-sults  we  nni<  o|iiT.itc  ciili  titru   r\i  *'     l* 
when  statulardi/inx  thf  )u|iiicl.     \Vc  niu«*l    .i'*  ur  a<»  :•-*•  ^e 
o|H:rate  u|M)n  the  same  voluiiif  ol  lii|ui<!.  in  |»rvM:n».v  ♦••  •.'  •    Ki-.c 
|)ro|K)rtion  of  hyclrcK'hlorio  acitl.  an<l  obtain  H|ii.t*  i»:  •':.r   ^^Jt 
intensity  u|>on  the  niolylNlate  pafier. 


NOTH  ON   MII.K   ANALYSIS 

To  restore  to  tlie  emulsion  any  Muall  «in.iniilv  ..:  *••;:•.€■-  .*: 
which  may  ha\e  iK-etmie  eliunietl  t>ui  tn  a  vinif»!e  •■?  ^-wrr:  4 
which  is  to  lie  analvsiil.  I  have  iiMialh  ti»un«!  the  aiM*:  •  -  * 
aUuit  one  i»er  iXMit..  h\  volume.  «il  ether,  ami  a  i;»««i  *>a4  -^x 
up  of  the  sample.  ti>  \k'  all  that  was  nee«te«l  The  •Itmmut  ■  r  t 
the  weight  ni  the  results  of  the  anal\si«»  eau^ct!  b\  tht*  «*•.:•>«• 
ol  the  sample  by  tlie  ether  is  Un^  nmall  tt»  c.i!l  t<»T  an\  ^^^-r*  •.  •  e 
)K*in>;  well  within  the  usual  limits  of  variation  from  m^r.:'*u'j:  c 
It  is  simple  ciiou^jh.  Imwi-ver.  to  allc»\«  lor  it  I  rr|»»ft:^.  *  *  -  ;** 
«levice.  never  havini:  Mt-ii  it  reoiinmemletl 
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I*     M.isini.  Ill  Tri»\ .    N     V  .  \%nti'»  as  iiilt«»\««  t**  tVr    J      ■   - 
\\oul<l  Ik*  (>)i1i>;v(1  it  \ou  wouhl  nii*ntii>n  thr  lai  t  tha!    \    i" 
vi(lu.ill\  at  wotk   u|«»ii  a   map  o|      nctrmal      i  -     .       ur:;»  '    _•- 
ualris  111  thr  stair  oi    Nr\%    Votk    aiit!   \«onltl  J«c   c'a.!      •    i**  < 
anrv  in  ihi*  NhajK*  oi  (0|iu'siit  alrea«I\  rxi^tink:  .iiia'^ic^  <»•  •      -•  •» 
watrrs   with  >:t-o;^raphu  a!  aiul  Uk.i\  i*c^T\yXu*t\'^  rt\        V  , 
Is  !•»  fwnlnallN   s*i  map  the  stale  as  to  lie  able  to  v»v    h«-«   1  •c* 
l.nv    hill   fain   •»!  s».r:ui^  water  shouM  o»mmou!\  Tuti  :n  AT  .   ^     t-t 
\*H  a!:t\        A'*  \oii  kth'w   M assai  hus«-t!s  has  ^tnir  such  ri.*ttc-   »  e 
K  h  Ion  11 
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STANDARD  lODIN  SOLUTION:  A  METHOD  FOR  ITS 

PREPARATION. 

By  H.  L.  Payne. 

Of  the  methods  proposed  for  determining  sulfur  in  iron  and 
steel',  that  first  suggested  by  Elliott  (  Chemical  News,  28, 6 1 )  merits 
attention  on  account  of  the  ease  and  celerity  of  manipulation,  as 
well  as  accuracy  of  results  obtained^  This  last  point  has  been 
held  in  question  by  many  chemists,  but  the  record  obtained 
by  Lee  S.  Clymer,  of  the  Crane  Iron  Co.  (see  this  Journal  for 
June,  1892)  places  it  on  a  par  with  those  longer  methods  which 
have  been  considered  highly  accurate. 

The  essential  feature  of  Elliott's  method  is  the  titration  of  the 
sulfur  evolved  as  hydrogen  sulfid,  with  a  standard  solution  of  iodin. 
Several  methods  are  in  use  for  the  preparation  of  this  solution  of 
iodin. 

The  one  given  in  Blair  is  tedious,  in  that  it  involves  the  use  of 
two  other  standard  solutions,  one  of  potassium  bichromate,  and 
another  of  sodium  thiosulfate,  as  well  as  an  indicator  solution  of 
starch ;  moreover,  the  use  of  ammonium  carbonate  to  retard  the 
decomposition  of  the  thiosulfate  introduces  a  serious  error  in  the 
titration,  as  has  been  pointed  out  by  Topf  {Ztschr.  anal,  Chem., 
1887,  p.  137). 

Mohr's  method  by  weighing  clear  crystals  of  thiosulfate  and 
Fresenius*  method  by  re-subliming  and  weighing  the  iodin 
direct,  are  both  shorter  and  better. 

A  solution  may  also  be  made  sufficiently  exact  for  most  uses 
by  weighing  four  gms.  iodin  to  the  liter  where  five  gms.  of  iron  are 
taken  for  analysis,  but  like  all  the  above  methods,  it  involves  an 
uncertain  error. 


4^2  STANDARD    lODIK    90Ll*TI0K. 

We  have  used  for  some  time  the  following  method  and  £ttd  :t 

eminently  satisfactor>-  in  ever>'  way.     It  drpcod*  upon  ihr  r^ 

action  between  potassium  permanganate  and  poCaxEUum  itmisd  :a 

solution  : 

K,Mn,0.+  loKI  -  lol  +  2MnO  +6I:  O 

Sufficient  acid,  preferably  sulfuric,  is  addeti  to  keep  the  =ii^ 
^anese  in  solution  and  to  render  the  fluid  slightly  acid  T\  % 
reaction  takes  place  in  the  cold  and  pnKeeds  to  complctJ^m  r^YZt 
in  dilute  solutions.  The  strength  of  the  permanganate  '*iuut>  a 
l)eing  known,  we  can  readily  determine  the  amcmnt  <t4  *»l:a 
lit)erate<l.  One  eijuivalent  of  potassium  })ermanganate  It^icra 
ten  atoms  of  ifxlin.  or  oxidizes  ten  atoms  of  iron  HetK^  « 
atom  of  iron  corresponds  to  one  atom  of  indin.  and  as  00c  at 
of  sulfur  reacts  with  two  atoms  of  iodin.  %yKty  atoms  of  irrm  cs 
one  atom  of  sulfur  :  or  1 2H  gms.  iron  are  e<|uivalent  to  thtrt^  two 
gnis.  sulfur.  Therefore,  the  sulfur  value  of  cmr  |imaan|tAsji*c 
solution  will  l>e  |V,  or  one-fourth  of  its  inm  value. 

In  preparing  a  standanl  icxlin  solution  by  this  method   « 
acinistonied  t«>  pnKxitl  as  ft»llo^'s:  — 

Take  aliout  ten  gms.  |>otasstum  iodic!  in  a  liter  fla.«Ji .  atk!  i 
to  fifti*i*ti  (x\  tlilute  sulfuric  acid,  and  run  in  the  cairalatnl 
amount  of  |>otaHsiuni  |Hrrmanganatr  %i>lution  ln>m  a  iKirr^tr 
Agitate  a  ivw  ni(uni*iit?%  until  the  reaction  is  ctnnpWte  atk!  tW 
M»luti<»!i  diMrs.  and  dilute  t«»  the  mark  ^ith  water  A  *-!trr  *€ 
sui  h  a  N4»lution  can  l>c  preparetl  inside  ol  imo  minuter  la  a»« 
lalMiratorN  haviii>:  a  standard  |H*rmanganate  wWutton  oi«M,as:tI^ 
on  haiul.  an<!  thrrr  is.  ihcrclore.  no  nri-r^Mty  k>f  kce|>tn^  a  <a» 
dartl  i<Miiii  dilution  long  enough  to  have  it  change  niAtmalN 

A  s«iluln'n  o!  ]H-rtnanganatc  such  as  is  u^rd  in  HmfPrftK-s  • 
tiU'th«Mi  for  ph«»Nph«»r\iH  titrates  6. 141  gms.  xtxm  pet  htrt  ami  c€ 
Mu  h  .1  '*<»Iuiio!i  ;.•;  7  i%  will  make  ime  liter  of  loiitn 
tilT.iiinj;  «•  «»i  jKf  i<!Jt  <«iiliur  per  ix*  on  fi\*e  gm*  iron  v€ 
taki-ti 

.\>  ail  a*»'-»fUiU  !»'T  l\\v  h\dri>gen  sulfi«l   c<»mm««  «hctr  f 
i>  to  Ik-  |»ii!i  rTi«!     |«..!.iHh  puTifjttl  \t\  aKi»h«>l  sh<HiU!  !«r  a%^ 
Ihlutr  Nir.iitrit    .i>  :<t  T'..i\  Ik-  tiM'd  with  advantage  in  acuit*^ 
tht  |«i»ta*»)i  s4i!iit:*«T:       'Vhv  .\iU\\li**i\  *}\  ntrthxl  orange  to  the  «Ca?r^ 
N«»tutit>ti  111  Hiittu  u  11!   iptatititv    t«»  K*^^*  ^  |Yr%^4il4e  rrd  oai*^  »> 
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the  solution  to  be  titrated,  will  by  turning  colorless  or  a  faint 
yellow  on  acidifying  indicate  when  an  excess  of  acid  has  been 
added. 

Washington.  D.  C,  Skpt.  1892. 


RAPID  DETERMINATION  OF  PHOSPHORUS 

IN  IRON  ORES. 

By  Prank  I«.  Crobaugh. 

The  method  described  below  for  the  determination  of  phos- 
phorus in  ores,  though  very  familiar  in  principle,  yet  contains 
some  details  I  have  not  seen  published  elsewhere. 

The  results  obtained  by  its  use  agree  closely  with  those  of  the 
magnesia  method  conducted  with  much  care,  and-are  obtained 
in  a  short  time. 

METHOD. 

To  five  grams  of  the  ore  in  a  round  bottom  six  inch  evaporating 
dish,  add  sixty  cc.  of  hydrochloric  acid,  specific  gravity  1.20. 
Cover  and  place  on  a  tripod  carrying  a  piece  of  asbestos  board 
about  seven  inches  square  and  one-quarter  of  an  inch  thick; 
through  the  center  is  cut  a  circular  hole  two  inches  in  diameter, 
in  which  the  bottom  of  the  dish  may  rest.  Apply  the  full  heat 
of  a  Bunsen  burner  to  the  bottom  of  the  dish.  The  upper  edges 
of  the  dish  will  be  kept  cool  and  condense  the  steam  formed,  thus 
washing  down  a  crust  that  would  ordinarily  form,  an  especial 
difficulty  when  evaporating  with  nitric  acid.  Solution  of  the  ore 
and  evaporation  in  the  covered  dish  to  a  volume  not  exceeding 
fifteen  cc.  may  be  accomplished  within  twenty  minutes. 

At  this  point  lower  the  flame,  push  the  glass  aside,  and  add 
thirty-five  cc.  of  nitric  acid,  specific  gravity  1.42.  Push  the 
glass  into  position  and  again  evaporate  at  a  strong  heat  to  about 
fifteen  cc.  During  both  evaporations  it  is  well  to  have  a  stout 
wire  twisted  into  a  fork,  whereby  the  dish  may  be  lifted  and  its 
contents  given  an  occasional  whirl  about  the  circumference.  At 
the  end  of  the  second  evaporation  only  traces  of  hydrochloric 
acid  will  remain,  and  do  not  interfere  with  the  precipitation  of 
phosphoric  acid.  Dilute  the  solution  in  the  dish  to  about  thirty- 
five  cc,  filter  while  still  hot  into  a  shaking  flask  at  the  pump. 
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Place  residue  and  filter  at  once  into  a  platinum  cruohic   a^ 
ignite  over  a  blast  lamp.     Cool  by  aid  of  the  bU<it.  acid  ^od:sB 
car1x)nate  and  fuse  to  perfect  fluiility  o\-er  the  bla%t  lamp      AIV^ 
the  cold  blast  to  play  for  a  moment  on  ilie  cruciWe.  tbm  piur.^tr 
the  crucible  and  contents  into  aUmt  twenty-fi\-e  cc.  ot  nitru-  ac.i 
1. 135  sj>ecific  gravity,  previously  added  to  the  di^^h  in  mhuh  t!^ 
original  solution  was  effectetl.     Cover  the  di%h  ami  heat  t**  *•  t- 
ing.     The  fusion  will  dissolve  with  great  readinc^  in  thi*  ^'.t 
Another  pa|K*r  has  in  the  mean  time  l>een  placetl  in  the  turirar! 
over  the  shaking  flask,  and  there  the  residue  is  filtered  tnt«*  :W 
original  solution.     All  operations,  including  the  filtratn^  <4  t!br 
residue,   will  not  re<juire  over    forty -five   minuter       The    u<kl 
solution  and  washings  nee<i  not  exceetl  150  cc. 

Heat  the  ecmibinetl  filtrates  to  t^o*  C..  add  at  once  ^c^x^t%  £\t 
cc.  of  moIylMlate  solution  (Dr.  I>nm*n'H  ft>miula>.  cauMtic  s:% 
ture  l>y  whirling  a  moment  liefore  placing  the  ^tipper  la  tSw 
flask.      Shake  violently   aUmt    five    minuter.     Filter    at  pcsap 
cm  Munkteirs  No.  <>.  nine  cm..  })a})er.     Wash  with  tmo  fict  % 
sulfuric  aci<l.  s|HiMfic  gravity  1  .H4.  as rectmimemlcil  b-^  Mt   J 

If  re<iuction  is  to  Im:  effei^tet!  bv  nios.'^v  2inc  in  a  tla%k  t3f»kl^ 
time  in  savetl  by  using  a  bit  of  altsorlirnt  oUton  in  the  oc^k  '^  a 
Hluirt  stem  funnel  to  filter  of!  the  cx^xvs  o|  /inc.  iti%traS  •  *  t*^c 
plaited  filter  retHmimeiidetl  by  Mr  Ivmm^rtt^n  The  ^^€t  « 
vields  no  oxidi/able  material. 

Hv  the  aUive  c*mirsc  <»f  pnH:trilure  ami  titration  mith  iw^a^*::^^ 
{K*rtiianganate  I  ol»taiiiet!  the  results  gi\rn  lirk^m  m  ooc  i*  «f 
and  a  half,  average  lime  H\  treating  the  \rlU»w  |»re\-^pitatc  ^ 
.Mr  Handy  N  inelho*!.  or  b\  umt  «►(  the  Jtmcs  rrvtu^-ttic  tSr  t-4*r 
fetjiiiret!  \%i»uM  h.ive  \nrru  les^ 

f «  •    V   •  *  • 

^llfcrliM-     lit  »•:*•    •'  ♦••         \JC  •-  "H  <    •• 

I    '    •*• 
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The  Angeline  hematite  held,  on  an  average,  0.008  per  cent, 
phosphorus  in  its  residue. 

About  six  months  ago  I  obtained  equally  good  results  in  a 
variety  of  ores  by  this  method,  but  not  expecting  to  use  them 
again,  did  not  make  record  of  the  same. 

Laboratory  of  Stewart  Iron  Co.. 
Sharon,  Pa. 


FORD'S  MULTIPLE  STIRRING  AND  FILTERING 

APPARATUS,* 

Mr.  S.  A.  Ford,  chemist  to  the  Edgar  Thomson  Steel  Works, 
has  designed  and  had  in  successful  and  practical  use  for  some 
time,  an  ingenious  apparatus  for  stirring,  pouring,  and  filtering 
a  number  of  solutions  at  one  operation.  It  is  intended  more 
particularly  for  phosphorus  determinations  but  may  also  be  used 
to  great  advantage  at  superphosphate  works  or  in  any  labor- 
atory where  there  are  a  number  of  similar  determinations  to  be 
made  daily. 

The  beakers  or  flasks  are  heated  uniformly  by  means  of  ten 
argand  burners ;  the  holders  for  the  dishes,  flasks,  and,  beakers 
are  so  arranged  that  they  may  be  placed  in  position  very  quickly 
and  then  emptied  upon  the  filters  by  one  movement. 

By  use  of  the  stirring  arrangement  all  the  beakers  are  stirred 
at  the  same  time,  and  the  precipitate  comes  quickly  in  a  coarse, 
granular  condition  which  never  passes  through  the  filters. 

The  good  effect  of  the  stirring  is  particularly  noticeable  in  the 
molybdic  method  for  phosphorus.  With  five  minutes  stirring  all 
the  phosphorus  is  precipitated,  whether  0.03  per  cent,  or  3.00  per 
cent,  be  present. 

As  the  stirring  rods  never  touch  the  sides  of  the  beakers  the 
precipitate  does  not  adhere  to  the  beakers  and  is  readily  washed 
out.  By  aid  of  the  machine  from  forty  to  fifty  determinations 
can  be  made  in  a  day  by  one  person.  The  directions  for  the  use 
of  the  machine  read  as  follows : 

*This  description  was  furnished  at  our  request  by  Mr.  John  G.  Bullock  of  the  firm 
of  Bullock  and  Crenshaw.  He  has  also  kindly  sent  the  electrotype  from  which  the 
illustration  has  been  printed.  Mr.  Ford  writes  to  the  Kditor  as  follows  concerning  the 
working  of  the  apparatus :  "  I  will  simply  say  I  am  delighted  with  this  machine.  One 
yonng  man  can  make  fifty  determinations  with  it  between  the  hours  of  nine  A.  M.  and 
three  P.  M." 
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**To  make  phosphorus  determinations  in  iron  or  *trrl  M  the 
aid  of  this  apparatus  where  Dr.  I>rmni*s  dilute  acid  x«  c^*l 
wei^h  the  samples,  put  them  in  eij^ht  ounce  Krlennic\  er  ^-x«k » 
pour  on  the  acid,  and  place  the  flasks  over  the  It^cht^  un::*.  «•  l-z 
tion  is  complete.     The  flasks  are  then  caught  around  the  r^o  'c% 
by  the  apparatus  designed  for  that  purpose.     The>   are  all  rr 
moved  from  the  lights  together  and  in  their  places  the   -viiLcr^ 
to  Ik?  usetl  for  the  precipitation  of   the  phcistphoru^  arr  ;-I*  r^i 
with  al)out  one-quarter  of  an  inch  of  water  in  tliero.  a^  the  iT^r  t% 
are  still  buniing.     The  funnel  rack  is  then  lirought  d«*mr.     t**: 
each  funnel  will  go  into  its  separate  lieaker:  filters  are  pta^x-!    -a 
position.     The  apparatus  holding  the  flasks  is  tbra  pUix^ii     t 
the  support  abo>*e  and  back  of  the  funnel  rack.     The  flA%k«  arr 
gradually  tipped  and  their  solutions  pourtd   into  tlie  htBocl% 
The  flasks  are  then  washed  out  ami  remm-ed.  tlie  filters  «  aO:**i 
ami  the  funnel  rack  thrown  up  out  of  the  way.     The  ItK^t^  irr 
now  tunietl  up  and  the  soluti<ms  heated  nearly  to  boiling       N  -• 
oxiili/c  this  sf>lution  by  the  permanganate  and  rrdt«fw^>r   *^ir 
excess  of   manganese.     Lights  are   now   turned   out    arv!    -.  ^jc 
nmnumia  addetl.  and  the  precipitate  caused  by  the  ama>'^  i  .« 
rediss«ilvetl.     Thermometers  are  placetl  in  the  brikrr%  atv!  »>tr-; 
the  solutions  are  ctiolc<l  to  the  dcHirrtl   temfieraturr    thr    ". ^r- 
iimmflcrs  are  removiMl  ami  the  molyUlic  solution  a«S«ir%!       r  ■ 
nuMUs  of  the  crank  at  the   back  f^l  the  apparatus  thr   <-r-i 
aiiaiij^rnuMit  i^  brought  directly  over  the  lieaker%      Thr    •  •;• 
tiM-d  AW  providfd  with  small  rublurr  corks.      Place  thr  r»S    •: 
ihf  small  holes  in  the  signing  lur  ami  prr*s  the  ctvk*  !":•     ;•  •*, 
tiiMi.  thus  hftlditiv:  the  n^ls  straight  ami  firm      The  era nk  i:  :^^' 
ltij>  «it  the  a|»ji.iT.iliis  is  then  tumcti  it»r  alM>ut  fi%^  minntr^    '^  i* 
rausiiij^  ihf  f»«tls  i!i  thr  lnMkiT^  ti>  n»tate       With  fix-r  r:  r-.:rr-» 
stimtij*  .ill  the  ]»h"«*5»h«»riis  uill  lie  pm*ipitatetl .     The  n*S  :*r- 
an-  takrn  tP»ni  the  stirnn^  bar  and  plai-r*!  in  their  'tr^Tra*  **i4r-> 

TIlV    stllTlllv:    aTTa!Ur!lU!lt    Is  tllrM   TUH  lui'k   to  ll*  tttritir?   ;^  •*   '  •  r* 

b\  thr  satiu-  iiu  iTis  \vh'.»  h  brouj»ht   Jt  J«uward       N<*m   ;'».▼   ''^^ 
aj»]».i!atus  !»tr   h^'Miir,^    thr  N-akcrs  4»n  the  m*|*er  %«j^* '••      v»- 
saitif  ust-il  lor  ihf  :\.i^\i  h«»liU-t  i       The  Waker*  arr  then  v.'.i.  r^ 
in  the  M\ef.il  li"IrH  in  t?rs  apfiaratns  with  their  lip*  t'*ma'  S  •  v 
f?i«nt       When  the  !n-aLers  are   .ill  in  |«»siti«iti     thr  %ssiall  «-^*v-t 


mt 
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bar,  with  notches  on  the  upper  side  and  small  pieces  of  rubber 
on  the  lower,  is  fastened  down  by  means  of  the  thumb-screws 
found  near  the  ends  of  the  beaker  holder.  Now  place  the  rods 
in  the  notches  in  a  slanting  position  so  as  to  touch  the  lips  of  the 
beakers. 

**  Remove  the  apparatus  containing  the  beakers  from  its  sup- 
port for  an  instant,  and  bring  down  the  funnel  rack.  Place 
filters  and  beakers  in  position  to  receive  the  filtrate  and  return 
the  apparatus  containing  beakers  to  its  former  position,  just  back 
and  above  the  funnel  rack.  Now  draw  the  beakers  close  to  the 
funnel  rack,  and  gradually  tip  all  and  pour  their  contents  into 
the  filters. 

**When  all  the  sohitions  are  out  of  the  beakers  wash  and 
return  to  a  perpendicular  position.  Wash  the  filters  thoroughly. 
If  the  yellow  precipitate  is  to  be  dissolved,  remove  the  rods  from 
their  several  notches  and  wash  off  with  a  little  dilute  ammonia. 

**The  filtrates  are  removed  from  beneath  the  funnels,  and  in 
their  places  are  put  the  vessels  intended  to  receive  the  dissolved 
yellow  precipitate.  The  beakers  containing  the  washing  from 
the  rods  are  now  tipped  over  the  funnels*  again  and  washed  out 
with  a  little  dilute  ammonia.  The  amount  of  ammonia  here 
used  will,  in  most  cases,  dissolve  the  precipitate  in  the  filters. 
Use  more  if  necessary,  and  in  either  case  the  filters  are  afterwards 
washed  with  water,  and  the  solution  of  the  yellow  precipitate  is 
then  ready  either  for  reduction  or  re-precipitation. 

**If  the  yellow  precipitate  is  to  be  weighed,  the  rods  and 
beakers  may  be  rubbed  off  by  means  of  a  glass  rod  with  a  piece 
of  rubber  tubing  on  the  end." 

The  machine  is  manufactured  and  sold  by  Bullock  and  Cren- 
shaw, Philadelphia. 


NOTE  ON  THE  DETECTION  OF  CHLORIN  AND 
BROMIN  IN  PRESENCE  OF  lODIN.* 

By  D.  S.  Macnair.  Ph.D.,  B.Sc.  (Lond.). 

When  freshly  precipitated  moist  silver  iodid  is  heated  with 
potassium  bichromate  and  concentrated  sulfuric  acid,  no  iodin  is 
set   free,  but  the   precipitate  readily   dissolves,  forming   silver 

•  Chem.  News.  66,  5. 
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iodate,  which  is  precipitate<l,  along  with  some  mK-tt  hichn>ciAte 
on  diluting  motleratcly  and  cooling  the  !4olutton.     Sih^et  l^tinxi 
when  treate<l  in  the  same  way,  gives  silver  sulfate— the  »h«^  •< 
the  l)romin  l)eing  set  (ree:  while  silver  chlorid  hehaxT^  hke  i^jt 
hromid,  giving  free  chlorin  and  silver  sulfate. 

These  reactions  furnish  an  easy  method  of  detecting  chV^t^*!* 
or  hromids  in  presence  of  iodids.  It  is  only  nee-jwary  to  y»cr\-';-4 
tate  with  excess  of  silver  nitrate,  filter  off  ami  wa^  the  ;*r 
cipitate,  and  heat  it  with  |M>wdere<l  |iolassium  hichn>ma»c  am!  i 
little  strong  sulfuric  acid.  If  any  chlorid  or  hnmtul  i*^  pfr-^n* 
even  with  a  ver>'  large  excess  of  i<xiid.  its  preMrnce  i*  ca-^^I^ 
delectetl  hv  the  evolution  of  chlorin  or  hnnnin. 

I  am  at  present  making  further  experiments  with  a  vim  t-^ 
<letermining  the  delicacy  of  the  reaction  ami  also  whether  st  c-x's 
lie  ctmveniently  employetl  for  the  quantitative  %cparali«»n  *4  wmi-.r. 
from  chlorin  and  hn>min. 


RHPORT  ON  THK  TIICHNICAL  I)KTKRMINATl*>N 

OF  ZINC* 

In  accordance  with  the  plan  outlinetl  <nroe  time  Mtjoc  tf^- 
committee  apjxiinted  for  the  puqwiM:  ha**  undeft-tkcn  the  «*^i  i* 
attempting  to  establish  a  unifonnity  in  the  tei'hnioal  mrth^-^iS  ^* 
analyst's  in  the  West,  and  as  the  result  of  its  fip4  eff«*rt  st 
with  presc-nls  to  vour  NkIv  the  w«»rk  ol  a  numlier  <»4  «»«r  *' 
known  wesirrn  chemisiH  on  zinc  determination 

It  may  In-  remarket!  that  the  vnmples  <ii  ore  on  whn-h  the  •—i 
was  doiu*  wrir  Niu  h  as  Ht-cmetl  t*)  offrr  the  greatest  dti^.^'t-*  -s 
the  currrct  dcterniin.ilioii  i»t   the  metal  in  <pie^tion 

Tlu*  ore**  s4»  suSmittcd  wtre  from  a  num!»er  of  minc^  ^  «*  Sr*' 
s<]»  ir.ilrd  1*H  .ihtu  *» .   x\w\  were  mixtures  oj  galenite    p%rttr     t-*.. 
sphaKrile    ait  »>tii|M!iud  \i\  vjrrater  or  le^s  jicnx-ntaijr^  «>!  tzii 
gaiUN4-  m  thr  !«»rm  oj   r!i<>«l<«-lut»^)te    a^^H-iatet!  mith  a  ^uartr  '^ 
>:a!)k:iir 

Tliat  a  -^tanilard  •»!  comn.in^in  mnjht  l»c  had  !»\  »hv^  t^r 
van*»UN  ri'^ult'*  loiild   U-   iii«!v:fd    the   asM«»tani^  o4  the  cSeTs.*.  t. 
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laboratory  of  the  U.  S.  Geological  Survey  at  Washington,  D.  C, 
was  invoked.  Mr.  F.  W.  Clarke,  Chief  Chemist  of  the  Survey', 
notwithstanding  the  fact  that  his  department  is  always  busily 
engaged  with  work  correlated  to  the  geological  investigations  of 
the  Survey,  met  our  request  for  the  co-operation  of  his  laboratory 
in  the  work  to  be  undertaken  with  the  greatest  willingness,  and 
your  committee  takes  this  occasion  to  express  its  deep  apprecia- 
tion of  the  valued  assistance  thus  afforded. 

The  analyses  were  made  by  Mr.  L.  G.  Eakins,  one  of  the 
ablest  of  Mr.  Clarke's  corps  of  chemists,  and  your  committee 
does  not  doubt  that  the  results  furnished  by  him  will  unhesi- 
tatingly be  accepted  as  standard  by  all  the  technical  chemists 
who  assisted  in  the  investigations. 

The  samples  of  ore  distributed  came  from  the  following  mines : 

Enterprise  Mine,  at  Rico,  Colorado. 

Mary  Murphy  Mine,  near  St.  Elmo,  Colorado. 

Robinson  Mine,  Robinson,  Colorado. 

New  York  Mine,  near  Park,  Colorado. 

Moyer  Mine,  Leadville,  Colorado, — the  ore  from  this  property 
being  a  concentrate  product. 

These  were  designated,  respectively,  Nos.  5,  9,  11,  13,  and 
20,  great  care  being  taken  in  the  mixing  of  each  separate  large 
sample,  so  that  uniformity  in  the  material  subsequently  distributed 
might  be  assured. 

The  analytical  methods  employed  by  the  different  chemists 
are  given,  together  with  the  results  obtained.  In  one  instance, 
that  of  Dr.  H.  C.  Hahn,  in  conjunction  with  the  zinc  determina- 
tion, that  of  manganese  is  also  furnished,  thus  happily  affording 
a  knowledge  of  the  extent  to  which  the  latter  element  was 
present. 

Method  of  L,  G,  Eakins^  Chemist  U.  S.  Geological  Survey^ 
Washington^  D,  C, — About  one  gram  of  ore  was  treated  with 
twenty-five  cc.  of  dilute  hydrochloric  acid  (1:1)  and  after 
digestion  on  the  water  bath  three  cc.  of  nitric  acid  were  added, 
the  whole  being  then  evaporated  to  dryness.  The  dried  mass 
was  digested  with  dilute  hydrochloric  acid  and  water,  and  the 
insoluble  residue  filtered  off.  The  filtrate  was  precipitated  with 
hydrogen  sulfid,  filtered,  and  the  precipitate  re-dissolved  in  nitro- 
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hydrochloric  acid,  evaporated  nearly  to  dr>*newi.  and  water  aad 
hydrochloric  acid  ad<led. 

This  solution  was  once  more  precipitated  with  hvdrofcni  ««a!&i 
the  precipitate  filtered  off,  washctl.  and  the  filtrate  cmnScar*! 
with  the  first.     The  solution  was  now  oxidired  with  nttnc  a*.  «i 
and  a  Imsic  acetate  precipitation  made.     The  rr*ulttnic  pr^v?^ 
tatc  was  filtered  off,  dissoh-ed  in  dilute  hydmchktric  acid    aaii 
re-precipitate<l  as  Imsic  acetate,  filteretl.    and   tht^   prrttptLAtr 
again  di.Hsolved.     This  solution  was  evaporated  to  cxjiel  mv^^« 
of  acid,  and  then  fmuretl  with  constant  ?4irhnK  into  »  rm^r^*    c 
stHMig.  cold  ammonia,  the  precipitate  allowe«I  In  <and  Ik  «  c-^r 
time,  after  which  it  was  filtereii  off  and  wa<vhcd. 

The  solution  fnim  the  last  ammonia  prectpitatiua  wa«  li^oti 
in  ever>'  case  to  still  ctmtain  zinc  which  had  mn  t»ecn  re^nr-l 
by  the  two  previous  l>asic  acetate  precipitations,  the  anH^o&t  « * 
heUl  varying  fn>m  0.30  |>cr  cent,  to  2  j>er  ixnt. 

The  filtrates  from  the  l«isic  acetate  precipitations  wrre  <x^^ 
hincd.  cva|M>rated  to  a  convenient  hulk,  alwot  fii-e  cran«  >< 
acx*tate  of  sodium  and  five  cc.  of  glacial  acetic  acid  adtSr^  Vzk 
solution  heated  to  lioiling.  and  the  zinc  precipitated  «nh  h«vlr^- 
gcn  sulfid.  The  precipitated  sulfid  wa<i  allcmeil  to  ^cttW  tSr 
siilution  filtiTiMl.  and  the  pr^t-ipitate  wa'khetl  with  h\dn*crn  %^.t*i 
water  cntit.iiniiig  ait-tate  of  Midium. 

The  filtrate  ohtainetl  from  the  ammonia  precipitate  »a*  *^ 
eva|M>ratt-<l  to  i*x|Krl  exixss  of  ammonia,  acetate  i*t  w^liaet  i^ki 
glacial  ai*etic  acid  aiMiMl.  and  the  zinc  prei'ipitatrtl  z%  %ol!^  -t 
the  same  way  as  has  jii^^t  lieen  dcscrilieil. 

Thf  /iiic  sulfiil  pTi-i-ipilateH  urre  oimhinrtl  ami  dicr^rn!  «-ti 
dilute  h\(lr(H  hlonr  ainl  omtaiiiing  h\«ln>grn  %ulhd  A!'.  Ar«c* x 
an«l  traix-s  ot  tiukrl  (it  prr^'iit)  >%i*re  left  undi«M»I\TU  the  it'sk 
and  aiiv  t-.ttliniuin  th.it  mi^ht  Ite  prcM-nt  |ici%Mng  into  «\ts:^  e 
This  Niilutiitti  w.iH  t"i!tiTi-«l.  the  filtrate  evafioratctl  to  rvprl  :bc 
h\«lTi»^rii  Hiiltiil  .|I^|  till-  /tin-  prrtipitatnl  as  caTl«*n»te  w*!^  *  at 
tHiit.itr  **l  <«<Hliuin  i!i  tlu'  tiHiial  \«a\.  Yicing  fina!l\  «r:j^Srtl  m.% 
i»\i«l  Ml  /nu- 

This  u.is  «lissi<!\r«!  in  ililutr  h\€|ni**hl«»nc  acnl  tbc  •as.i'- 
.itnniiiit  o|  silu  .t  >%h!i  h  t!i.i\  havi-  o>ntjminatc%l  tbc  pcr^^7«t|.^^ 
tiUt'tctl  off.  %ijshi-d.  and  \%vi>:hiM 
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To  the  filtrate  an  excess  of  tartaric  acid  was  added,  then  an 
excess  of  caustic  soda,  and  after  the  solution  was  diluted  to  a 
large  bulk  it  was  boiled  in  a  platinum  dish  to  precipitate  any 
cadmium  which  might  have  been  associated  with  the  oxid  of 
zinc.  The  precipitate  so  obtained  was  filtered  off,  washed,  and 
weighed,  and  correction  made  for  such  amount,  together  with 
what  silica  had  previously  been  found. 

The  results  were  as  follows : 

No.   5 14.64  per  cent  zinc. 

"     9 24.11     

•*    II 10.71 

•'    13 6.31 

*•   20 16.09     '•      ** 

Note :  Sample  number  five  contained  appreciable  quantities 
of  cadmium,  sample  number  nine  very  small  quantities,  and  the 
other  samples  only  traces  of  this  element. 

Method  of  Messrs,  von  Schulz  and  Low^  Chemists  and  Assayers^ 
Denver,  Colorado, — Prepare  a  solution  of  ferrocyanid  of  potassium 
by  dissolving  forty-four  grams  of  the  pure  salt  in  distilled  water 
and  diluting  to  one  liter.     Standardize  as  follows : 

Di^solv^  exactly  200  milligrams  of  pure  oxid  of  zinc  in  a 
beaker  in  ten  cc.  of  strong  pure  hydrochloric  acid.  Now  add 
seven  grams  of  C.  P.  qhlorid  of  ammonium,  (the  commercial 
article  frequently  contains  a  little  copper),  and  about  100  cc.  of 
boiling  hot  water.  Titrate  the  clear  liquid  with  the  ferrocyanid 
solution  until  a  drop,  when  tested  on  a  porcelain  plate  with  a 
drop  of  a  strong  aqueous  solution  of  acetate  of  uranium,  shows 
a  brown  tinge.  About  sixteen  cc.  of  ferrocyanid  will  be  required, 
and  accordingly  nearly  this  amount  may  be  run  in  rapidly  before 
making  a  test,  and  then  the  titration  finished  carefully  by  testing 
after  each  additional  drop  of  ferrocyanid.  As  soon  as  a  brown 
tinge  is  obtained  note  the  reading  of  the  burette,  and  then  wait 
^  minute  or  two  and  observe  if  one  or  more  of  the  previous  tests 
do  not  also  develop  a  brown  tinge.  Usually  the  end-point  will 
be  found  to  have  been  passed  by  a  test  or  two  and  the  proper 
correction  must  then  be  applied  to  the  burette  reading.  Finally 
make  a  further  deduction  from  the  burette  reading  of  the  amount 
of  ferrocyanid  required  to  produce  a  brown  tinge  under  the  same 
conditions  when  no  zinc  is  present.  This  correction  is  about  two 
drops,  or  0.14  cc. 
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Two  hunclred  millifp^m!t  of  oxid  of  zinc  conUtn   i<^  4  euHi 
grams  of  zinc,  and  one  cc.  of  the  aho\x  xtandardttetl  iolat)^« 
will  equal  about  o.oi  gram  of  zinc,  or  about  one  per  cent    «bc« 
one  gram  of  ore  is  taken  for  assay. 

Prepare  the  following  solutions  for  the  assay  of  ores 

A  saturated  solution  of  chlorate  of  fioiasMum  in  nitrK-  ac%l 
made  by  shaking  an  excess  of  the  cr>staU  with  the  <Txm%  pnfr 
acid  in  a  flask.     Keep  the  solution  in  an  open  flask 

A  dilute  solution  of  chlorid  of  ammonium  contatntnic  a^«Mtf 
ten  grams  to  the  liter.      For  use  heat  to  lioiltng  in  a  wa%h  U<t4r 

A  wash  lK)ttle  of  hot  water. 

Take  exactly  one  gram  of  the  ore  ami  treat  in  a  \\  iiacfc 
casserole  with  twenty -five  cc.  of  the  alwn-e  chlorate  «iittt»j«i 
Do  not  cover  the  casserole  at  first,  but  warm  gentU  tiiitt!  an^ 
violent  action  is  over  and  greenish  vajior*  ha\*e  cra^r^l  to  o^^oar 
off.  Then  cover  with  a  watch-glass  ami  lioil  rapidh  to 
dryness,  but  avoitl  overheating  and  baking.  A  dmp  oi 
acid  adhering  in  the  o>ver  does  no  harm.  Ow>l  %«iftc%ent!%  *a4 
add  seven  grams  of  chlorid  of  ammonium,  fifteen  cc  «t<  <?^^«^|C 
ammonia  water,  and  twentvfive  cc.  of  hot  water  B«t*!  tW 
o)vereti  mixture  one  minute  and  then,  with  a  ruMirt  tt|^:w^ 
>;lass  hhI.  stf  that  all  Mili<l  matter  on  the  on-rf.  Mde^  an*!  *«<t.^i 
nl  cassiTMli-  is  cither  <lis%i>Ivetl  or  <ltMntegratet!  Filter  i^;»  a 
)K-aki*r  atul  wash  sc*vcral  tunes  with  the  h<H  chk^ntl  f%l  ama»ne:as 
s4ihition  A  blue  it>l«»retl  filtrate  imlicatrs  theprr^imcc^Til  oif^irr 
In  that  rase-  ad<l  twenty  five  cv*  of  ntnmg  pure  h^dnvkV-cv 
acid  and  alMiiit  t(»rtv  grams  ni  granulated  te<  lead  St:r  tkr 
h  :ul  aU»iit  111  tile  U-aker  until  the  li(|Uid  has  tiecofne  prrtrvtN 
mloTlrss  aru!  then  .1  little  lon>»er  to  make  sure  that  the  ocif^^irT  t» 
all  prei  ipit.itetl  Tile  s«>lutifm.  which  shouU!  stdl  ht  <|Qttr  W'C 
In  now  fr.nl\  i«ir  tilT.ai«»!i  In  the  alisrn*^  of  o^ipet  the  Van!  1% 
oTimted  .itid  «>nl\  t!u-  .i«  id  addeil.  AU»ut  one  third  ol  the  mihrtsc^ 
!•»  iMw  H4 1  .i».i.It  .iti.j  the  main  j>«»rtion  is  titratetl  rap*d!%  m'ish 
\hv  trrits  V  .t!):«!  iititil  tlu*  etitl  jwMtit  is  |visscd.  Using  the  arassam 
m.luator  a-*  iti  the  Htatidirdi/ation  The  grratef  pAft  *^  t^ 
rrH4-r\tM|  j»*.rts«»!i  j^  !i«»n%  addol  aiul  the  titratH^ci  cocBtmiMsl  wtk 
ni«*rt-  1  aiitioii  until  the  end  )ii»int  t^  ai;j|iti  |wis.sni  Tbeti  MmSS  tlv 
reinai!t<!er  <»:   t!ie  rt*scf\ed  {«>rtt<*ii  and  finish  the  titntwtt  ca?r 
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fully,  ordinarily  by  additions  of  two  drops  of  ferrocyanid  at  a 
time.  Make  corrections  of  the  final  reading  of  the  burette 
precisely  as  in  the  standardization. 

Gold,  silver,  lead,  copper,  iron,  manganese,  and  the  ordinary 
constituents  of  ores  do  not  interfere  with  the  above  scheme. 
Cadmium  behaves  like  zinc.  When  known  to  be  present  it  may 
be  removed,  together  with  the  copper,  by  the  proper  treatment 
with  hydrogen  sulfid,  and  the  titration  for  zinc  may  be  made 
upon  the  properly  acidified  filtrate  without  the  removal  of  the 
excess  of  gas.  There  seems  to  be  no  simpler  way  to  remove 
cadmium. 

The  following  results  were  obtained  on  the  samples  of  ore 
sent  us  by  the  Colorado  Scientific  Society.  Each  sample  was 
assayed  only  once.  The  weighing  was  done  on  the  ordinary 
ore-scale  and  the  burette  used  had  not  been  corrected.  It  was 
intended  to  show  just  what  would  be  obtained  by  the  method  in 
ordinary  technical  work. 

Sample  No.    5 J5.31  per  cent.  zinc. 

•'     9 24.34 

**    II 10.76 

'•    13 6.42 

"    20 16.14 


Notes  on  the  above  scheme : 

Acids  destroy  the  delicacy  of  the  uranium  test,  and  for  this 
reason  a  strong  aqueous  solution  of  uranium  acetate  is  used. 
By  having  the  zinc  solution  only  faintly  acid  the  production  of 
the  brown  color  in  the  end  test  becomes  almost  instantaneous  and 
no  previous  test  will  develop  a  color.  Under  these  conditions, 
however,  lead  is  apt  to  seriously  interfere  and  the  excess  of  acid 
recommended  above  is  found  to  be  a  necessity.  When  a  strong 
solution  of  uranium  acetate,  not  acidified,  is  used  as  indicator, 
the  error  caused  by  the  excess  of  acid  in  the  zinc  solution  amounts 
to  only  two  drops  of  ferrocyanid,  which  may  be  allowed  for,  and 
the  brown  tinge  develops  so  rapidly  that  the  end  point  is  seldom 
passed  by  more  than  one  test. 

When  an  ore  contains  but  little  copper,  the  granulated  lead 
used  frequently  coheres  in  lumps  that  may  hold  zinc  solution. 
These  lumps  are  most  easily  broken  up  after  a  little  of  the  ferro- 
cyanid has  been  added.     They  appear  to  cause  no  appreciable 
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error  in  the  work.  Of  course,  lead  shot  or  thin  sheet  W^d  mtt 
be  u.sed  if  preferred,  and  it  may  be  cleaned  with  itroof  mtnt 
acid  and  used  repeatetlly.  It  seems  simpler  and  more  ftal»lactccT. 
however,  to  use  the  granulated  lead  and  throw  it  away  altrr  s^ 
As  regards  the  effect  of  nitric  acid,  it  is  found  that  the  atkb 
tion  of  one  cc.  of  the  strong  acid  to  the  boiling  hot  fine  ^tHvtifm 
during  the  standardization  of  the  fermcyanid  make«  cx>  af^pcv^ 
ciable  difference. 

A'c/iNiNji^  C\ymf>an\\  Put  No,    Colorado. — The    ntethod    tttcd    tia* 
that  published  some  time  since  by  Me^wrs.  \t>n  Schalx  and  Lnw 
Chemists  and  Assuyers.   I>enver,   Colorado,  which 
effecting  a  deix>mjjosilion  of  the  ore  by  means  of 
nitric  acid  saturated  with  chlorate  of  ^KHassuuro.  evapormttttf  i» 
dryness,  and  bringing  the  zinc  into  solution  by  meaiisi  ol  «aSrr 
ammonia  water,  and  chlorid  of  ammonium  :  heating  the  «olvtK«i 
to  Ixiilitig.  filtering  off  the  insoluble  re^due.  and  wa»htaE|^      IS 
the  filtrate  shows  the  presence  of  cop|ier.  this  metal  t%  prc^tyi 
laletl   after    acidifying  the    solution   with   hyclrochVonc  aiik!   b>« 
means  of  granulate^l  lead. 

To  the  hot  Mihiiion  a  few  grams  of  Mil6te  ol  vidtam  arr  *o«* 
atltlcd  to  onmliTact  any  cffei*t«*  due  ti>  the  j*i»%Ml>le  pnc^iicr  <t 
tree  rhloriii  troin  the  actu»n  ol  the  h\dr«R-hlonc  acid  *«  Asn 
chloralf  thai  nii^jhl  not  have  l»een  ilevHrnifio^cd.  and  the  irm: 
titrati'd  with  a  statidardi/etl  Mklution  ol  lerr«ii\anid  ol  pic<ji^i«^ati 
using  aix'tatc  «>f  uranium  as  an  indicator 

The  rca<!mgH  ol  the  burette  uere  corrertetl  bv  an  ae*^«st  <A 
IcrnKvanid  iiei^vvirv  to  prt>ilmx'  a  rractwrn  with  acrtAir  «< 
uranium  in  a  blank  tent,  thr  Htandardi/attcm  ha\ing  brre 
undtT  liki*  r<»ndilion*» 

The  rrsiiliH  obt.inuMi  on  the  vimple^  submitted!  m^ere 


*   ** 


orv   iH  trvatcd   in   a   \'    itu  h  <  a^^rrolc  %%ith  S\x  to  Irti  cv    w<  ^v«. 
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centxated  nitric  acid,  evaporated  to  dryness  on  a  hot  plate  and 
baked  for  several  minutes.  After  cooling,  twenty  to  thirty  cc.  of 
water  are  added,  and  about  seven  grams  of  chlorid  of  ammonium 
and  fifteen  cc.  of  strong  ammonia  water. 

If  the  ore  is  free  from  manganese  proceed  as  fdllows : 

Boil  for  several  minutes,  filter  and  wash  with  warm  water,  taking 
the  precaution  to  add  a  few  drops  of  ammonia  water  to  the  first  wash 
water  on  filter  to  keep  the  zinc  in  solution.  It  is  more  convenient 
to  operate  in  this  way  than  to  use  ammoniacal  wash  water. 

Neutralize  the  filtrate  with  hydrochloric  acid,  then  add  an 
excess  of  ten  cc.  of  the  acid.  If  copper  is  present  precipitate  it 
with  granulated  lead. 

The  solution  is  now  ready  for  titration  with  ferrocyanid  of 
potassium,  uranium  acetate  being  used  as  an  indicator. 

If  manganese  is  present,  after  addition  of  chlorid  of  ammonium 
and  ammonia  water  as  stated  above,  add  to  the  solution  five  cc.  of 
peroxid  of  hydrogen  and  boil.  The  manganese  will  all  be  precipi- 
tated as  the  hydrated  dioxid  together  with  such  iron  and  alumina 
as  may  be  present.     Filter,  using  the  regular  precautions. 

Now  dissolve  the  precipitate  in  a  small  quantity  of  hydro- 
chloric acid,  dilute  with  water,  add  an  excess  of  ammonia  water 
and  again  five  cc.  of  peroxid  of  hydrogen,  boil  for  several  min- 
utes, filter  and  wash,  and  combine  filtrate  with  the  one  pre- 
viously obtained. 

The  solution  is  now  made  acid  with  an  excess  of  hydrochloric 
acid,  and  the  titration  of  the  zinc  effected,  after  removal  of  any 
copper  that  may  be  present,  as  previously  specified. 

In  ordinary  practice  it  has  been  found  that  the  amount  of  zinc 
which  is  carried  down  with  the  manganese  in  its  first  precipita- 
tion by  means  of  peroxid  of  hydrogen,  in  the  ores  which  carry 
from  three  to  ten  per  cent,  of  that  element,  is  equal  to  about  five 
per  cent,  of  the  total  quantity  of  zinc  present,  although  this  does 
and  will  vary  somewhat  with  different  practice  and  the  amounts 
of  reagents  employed. 

The  results  obtained  were  as  follows  : 

•  No.    5 15.66  percent,  zinc. 

•     9 24.23 

'*    II 11.88     •' 

*•    13 8.73 

'*    20 IS.86 
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Method  of  Mr.  F.  C.  Knigki,  FX\S.,  Ckrmisi  It^uttm  mmJ  c 
rado  SmeHinf^  Company^  ^'^HH^*  Colorado. — One  Rrara  o<  ^^  t» 
taken  and  mixed  in  a  3}  inch  caMerole  with  ten  gramA  ol  xit:r»tr 
of  annnonium  and  ten  cc.  of  concentrated  nitnc  acid  4ui-ioi 
The  casserole  is  covered  with  a  watch-gla!U«  and  the  mi^tare 
evaporated  to  complete  dr>'ness  on  a  hot  plate.  The  scx^ 
usually  defla>;rates  just  liefore  hecontinK  completely  dr> 

After  c(X)lin>^,  al)out  twenty  cc.  of  water  and  (l\k  icrast*  ci 
chlorid  of  ammonium  are  a<lded. 

If  man>;anese  is  present,  of  which  previous  indicatmn  mxV,  hjiT 
iKHrn  afforded.  a<ld  to  the  solution  five  cc.  of  pemxid  <>l  h%dT\vT« 
and  ten  cc.  strong  ammcmia  water,  heat  tt>  Unling  for  t««>  <^  :hrrr 
minutes,  filter  and  wash  with  water  containtUK  amxm^nia  « i:rf 

As  the  precipitate  of  iron  and  manKane?ic  earner  hoc  t:  n 
redissolveil  in  a  small  quantity  of  hyilmchlonc  acid.  «»trr  Afti 
chlorid  of  ammonium  addetl.  then  fi\*e  cv.  pert>xid  of  b\dnvn 
and  ten  ci\  ammcmia  water  as  lieforc.  IknI.  filter  ami  «a%h  m-A 
hot  water  rcnderetl  ammoniacal.  ami  combine  the  t«t>  bltr^n 
The  sii*<md  prei*ipitation  of  the  iron  ami  mani^anriic  |iC»i.tv. 
brings  all  /inc  into  solution. 

The  filtrate  should  now  measure  fr«>m  2V>  to  v^l*  cv  I:  » 
nli^htlv  aci<lified  with  hydnK'hloric  actd  :i\u\  W  ci^^n^rf  :%  ;.ff«sg 
it  is  privipitated  with  >;runulatetl  lead. 

To  till*  S4iluti<m  now  ;uld  an  exix*xH  oi  ten  cc  h^dnxhit-^rv  k:^ 
and  titrate  thi*  /inc  with  a  standardirol  v»]uti««n  «^  ltrr«%'^  A'^ti 
ol  |M>t:iHsium.  «»m*  iv.  «»f  which  i%  vt|ual  ti>  aUnit  6%^  vblc'^^  ■"* 
ti  ^1.  jK-r  rvnt.  /iiu*.      Atxtatr  of  uranium  1%  u^c»l  a*  an  tr^ix  a^.^t 

oi   filial   ttMitloji 

.\n  aUmi  tuf  ti»  -ix  <ln»|*H  of  the  ferriK'xanid  ^^ut*'*  «•"  ^« 
.ilisi.rtKtl  Ml  a  blank  tent  !»rfore  the  rrai-lnm  mith  avxt^tr  *-< 
ni.iiuiini  t!i.i!n!tNt^  itsc-It.  due  allc»uamx'  mu^  Iv  cnakW  >«  :1?* 
<  TTiir  111  *J;t  ^!  iTi>!.ir<Ii/ation  ot  the  >«»lutum  It  t%  alsaimC  9rr«£ 
li  >-  t«»  n:i:  irk  lli.i!  .1  stnnhir  prn^aution  mu^  t«c  o^^^mv**  =« 
liking  tilt  r«  i.l'!-.^  «.:  :h*-  biirvttr  tn  the  ai*tUAi  t:trAt>'<e  ^  :W 
/:ni   ^'liil:'  :s  -  \  !:.«   <«:«        RvMilt^  obtainol  inere  *%  Kv*-*-* 
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Afethod  of  Mr,  Mann  Page^  Chemist  Omaha  and  Grant  Smelt- 
ing Company^  Denver^  Colorado, — The  ore  is  decomposed  by  boil- 
ing in  a  casserole  with  a  mixture  of  concentrated  hydrochloric, 
nitric,  and  sulfuric  acids,  added  separately  in  the  order  given,  the 
amounts  of  acid  varying  according  to  the  demands  of  the  char- 
acter of  the  ore  under  treatment  to  insure  complete  decomposi- 
tion. The  boiling  is  continued  until  the  fumes  of  sulfuric  acid 
appear  distinctly. 

The  casserole  is  then  removed  from  the  hot  plate,  contents 
allowed  to  cool  and  the  sulfuric  acid  solution  diluted  with  water  to 
three  or  four  times  its  bulk,  and  chlorate  of. potassium  added 
whether  manganese  be  present  or  not. 

If  manganese  is  present  the  chlorate  must  be  added  in  quantity 
sufficient  to  insure  complete  precipitation,  an  additional  quantity 
of  this  reagent  being  added  during  the  boiling  if  it  appears 
necessary. .  This  can  be  easily  determined  by  the  appearance  of 
the  solution.  The  precipitated  manganese  dioxid  ana  the 
insoluble  residue  are  now  filtered  off  and  well  washed  with 
boiling  water. 

To  the  filtrate  ammonia  water  is  added  in  slight  excess,  the 
precipitate  well  stirred  and  immediately  filtered  off,  the  filtrate 
passing  into  a  graduated  flask  of  250  cc.  capacity. 

After  the  iron  and  alumina  precipitate  has  been  transferred  to 
the  filter — which  should  be  a  sufficiently  capacious  one — it  is 
allowed  to  drain  thoroughly,  and  then  washed  three  or  four  times 
with  water  which  has  been  rendered  distinctly  ammoniacal,  and 
which  should  not  be  more  than  tolerably  warm.  In  washing  the 
precipitate  care  should  be  taken  to  thoroughly  disintegrate  it  by 
the  stream  of  wash  water. 

After  a  thorough  washing  the  filtrate  is  acidfied  by  hydrochloric 
acid,  the  flask  filled  to  the  mark,  its  contents  well  mixed,  and  a 
number  of  aliquot  portions  of  the  solution  taken  from  the  zinc 
determination,  which  is  accomplished  by  a  standardized  solution 
of  ferrocyanid  of  potassium,  acetate  of  uranium  being  used  as 
indicator. 

If  copper  is  present  it  must  be  removed  previous  to  titration 
by  means  of  granulated  lead.  The  titration  is  always  made  in 
hot  solutions. 
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Results  were  as  follows  : 

No      5 i4'-ip«r»'at   •••. 

g 7i  «■ 

•      II «•»  ^ 

i; *   > 

J" '  •  •■ 

Notes  on  the  alK>ve  melhoci  : 

Attention  has  Inren  calleti  to  the  advisabUitx  oi  ma^htn^  !bc 
iron  precipitate  with  water  which  is  not  more  than  toicri*«% 
wann,  it  having;  lieen  the  writer's  exjHrnencr  that  a  |>art:al  \ct 
cipitation  of  the  hyclratecl  ox  id  of  /inc  take%  place  im»rr  ca*ili 
from  solutions  which,  while  yet  diNtinctly  amnumiacal  a;f»rta<i.^ 
nic»re  nearly  the  Ixtilin^  teni|K*rature.  The  prr\-ipitati«*n  «•!  tic 
hydratetl  zincoxid  is  furthennore  influencetl  !»y  the  (>m't|»tta:>^Ck 
of  the  hyclratetl  ses<|uioxid  of  inm.  e^jieciaUy  «**»  mhcn  the  ^^a 
tions  are  ver>'  hot. 

To  prevent  thiscxxnirence  the  prei*autions  prvvH>uUy  szKiuatr^ 
must  l)e  ohser\ed.  in  additi<»n  to  which  an  a  further  «aJc  t^^xr^ 
wash  water,  which  has  l>een  rendervtl  ammfmiacal.  or  Ka^  ^vr% 
impre>;nated  with  chlorid  of  anmuiuium  is  umhI. 

.\ffthod  of  ,\ff\  l\  ytrntzff  Suprrmtrndrnt  k^f  S^m  fm^m  Smr^r 
hti^  anii  }finhii^  Comf*iM9t\\  />j*/a*fc**.  iW^^^^tJ**  -The  nartSwid 
al>out  to  l>e  <les<'ril>c<i  is  hascti  on  the  principle  that  in  an  aI^sb^ 
iieulr.il  soluimn  of  sulfates  <»r  chloruls.  the  M-j\arat:**ti  -vt  t  -:»: 
Irnin  iron,  inan^anesi*.  o»halt.  aiul  nickel  can  practua!!*  '<c 
effected  !>>  means  of  hxdro^jcn  sulfid.  whue  :!  the  *»Cu*.  •« 
contains  al»<»nt  one  tenth  of  its  \olume  «»t  sultunc  a^^-^t  !i* 
s4'paration  of  /inc  from  ci»p|Rr  is  ctiuallx  ititnplclc  j<t>*.  joi 
thf  solution  is  heati'tl  alin«»^t  to  thr  ImhIiu^  j»»t«t  IvtH-rr  :-«e 
pit*  ipilatid  sulfids  are  filtered  «»ff 

Thi-  w/.s/,v»    '/>»f. ;>/.//  is  as  t«»llows 

<  >ni-  i:r.un  «»!  t*jv  is  di*eom}M>MH|  m  an  en;ht  'mtv-r  da«k  *-ti 
fiMtf  i<»nr  !i\  driH  hl«»nc  and  t*i\e  ic  itrnv  nitru*  a^^l  i*c* 
thr  !it|  liuni**«  h.i\f  tt  .iMtl  to  \n.'  i\»»l\i*tl.  ti\e  iv  i^ttx  %•-"  -"k 
ai  id  .irt*  .iddi  d  .ind  t!u  \\h*»Ir  r\  aj"»f  ali-tl  until  ihr  tunsc*  v  */ 
tun*  .u  id  .ipju.ir  It  !•*  .i*»-»Iiilt  I\  rss<-!jtial  at  th*.s  j**:!*.:  thi".  t- 
IfariNMi  intn*  iv  :d  •»)•.. iH  hi\r  l«tt*n  r\|H-Ilol  as  tHhrfm^^c  ^•^'•T^t 
rrNu!i>  will  Ih    \  !t!.i!»  d 

«  hi  tlii'   .ip»K- IT  iiht  •»!  thi    >u!!iiru   acid  lunnrH  thr    &asl    •   t 
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moved  from  the  hot  plate,  allowed  to  cool,  about  fifty  cc.  water 
added  and  a  brisk  current  of  hydrogen  sulfid  passed  through  the 
solution.  In  a  few  minutes  the  precipitation  of  the  copper,  etc., 
will  have  taken  place.  The  precipitation  is  complete  when  the 
precipitated  sulfids  are  seen  to  settle  rapidly  at  the  bottom  of  the 
flask. 

Now  heat  the  solution  as  rapidly  as  possible  almost  to  the 
boiling  point,  by  which  most  of  the  absorbed  sulfuretted  acid 
w^ill  be  expelled ;  any  zinc  which  may  have  been  precipitated  will 
by  this  means  be  redissolved.  Filter  into  a  sixteen  ounce  flask, 
ivash  the  precipitate  with  cold  water  three  or  four  times,  allow- 
ing the  filter  to  run  dry  each  time  before  renewing  the  wash 
-water. 

After  washing  neutralize  the  filtrate  with  ammonia  water,  care 
being  taken  not  to  let  the  ammonia  run  down  the  sides  of  the 
flask,  but  to  drop  it  directly  into  the  liquid,  the  solution  being 
constantly  agitated  while  being  neutralized.  It  is  advisable  to 
add  a  slight  excess  of  ammonia,  the  ferrous  hydrate  precipitate 
being  again  redissolved  by  a  few  drops  of  dilute  sulfuric  acid 
(1:4).     A  slight  permanent  turbidity  is  of  no  consequence. 

Now  add  an  excess  of  four  to  six  drops  of  dilute  sulfuric  acid, 
fill  up  the  flask  with  water,  and  again  introduce  a  brisk  current 
of  hydrogen  sulfid  into  the  solution.  Within  five  to  ten  minutes 
a  heavy  sandy  or  powdery  precipitate  of  whitish  or  yellowish 
zinc  sulfid  will  appear,  the  rapid  settling  of  which,  and  the  clear 
supernatant  liquid  being  an  indication  of  complete  precipitation. 
The  precipitate  filters  rapidly  and  is  indifferent  to  the  influence 
of  air,  either  during  filtering  or  washing.  It  is  filtered  off  and 
thoroughly  washed,  about  five  washings  being  usually  sufficient 
unless  the  solution  contained  much  iron. 

The  zinc  sulfid  which  has  adhered  to  the  flask  and  the  glass 
tube  is  now  dissolved  in  three  to  five  cc.  of  hydrochloric  acid, 
the  solution  diluted  with  an  equal  amount  of  water  and  then 
poured  on  the  filter  containing  the  precipitate,  which  should 
immediately  thereafter  be  covered  with  a  watch-glass.  The 
greater  part  of  the  precipitate  dissolves  easily,  the  solution  of  any 
undissolved  portion  being  effected  with  a  few  drops  of  cone, 
hydrochloric  acid. 
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The  hulk  of  free  acid  in  the  solution  is  now  ncutmlt/cn!  « .th 
ammonia  water,  and  the  zinc  determinetl  by  titmtintc  with  <Lxn 
dardized  solution  of  feirocyanid  of  potassium.  UMng  ai^rtatc  «< 
uranium  as  an  indicator. 

The  following  are  the  results  obtained : 


n%u  CrwT 
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No    tl 
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No    >- 

i\*^\ 

II  i: 
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•A      «• 

.\tcthod  of  l^r.  //.    r.  Hahn,   i  hrmist  (W*»r4i«/4»  Smr/ftm^   i  .-m 
pan}\  /^ntNo,   Co/ora do.  — The  following  methoil  1%  cmr  in   whK'li 
the  dclcrmination  of  manganese  as  well  as  fine  i^  e0c<^rd  m  thr 
same  s^)lulion. 

Five-tenths  of  a  gram  of  ore  is  treatetl  in  a  porcelain  ca^wrr-Cc 
with  two  cc.  cone,  nitric,  three  cc.  dilute  sulfunc  ( i  ;  »  an«l  *:% 
cc.  ct>nc.  hydnK^hloric  acids,  evaporated  to  tlrxnc^.  <i>r  untsl  tbc 
fumes  of  sulfuric  acid  ap|K'ar.  The  cassrnde  i*  ihrti  rrrr>snT%* 
fn>m  the  hotplate  and  allowed  to  ow>l,  when  t  went  >  i-\-  » itrr 
are  added  and  the  solution  heated  toliotling  for  aUmt  c«nr  mmctr 

The  (^mtciitH  of  the  cassiTolc  are  iu»w  traiiHlrrTrtl  to  jn  r-,:  "t 
ounce  lieaker.  an<l  the  **«»lution  nearly  neutraliinl  «:th  i 
^saturated  sohilion  of  carl>onate  of  s4Hiium  In  caM*  t«»»  mix  h  i 
the  l.itler  should  have  l»een  u*<tl.  acuiifx  Hilh  a  tew  df**^**  ^ 
dilute  sulfuric-  .itid 

Now  adtl    to  the  suhition  an  exix*xs  of  Ki<Mr   car!«»na?r  •»?  V^I 
susjHiided  in  w.iler    utitil  after  vi|»orous  stirnni;  the  prev^prt^tnl 
Imlfoxhl  «»!  ifoti  v4  ttlc  •*  ({uii'ktx  to  the  l«i»H»»m  of  the  lirakrT    W  »-. 
in>^  the  h«|Ui»l  i  U  it 

The  si»hition  shi»uld  ine.isure  nou  .ilMuit  rightx  cv      It  t%  Seitot 
to  U.iliti^:  \%itli"Ul  prt\iotis  filtration    .itul  the  ntan}ca?»r^^  *5ctr- 
lunu  d  \\  itli  .1  st.uid.ir«!: /'1 1|  s«.!tit!t»ii  «»j  jiennan»^  jnale  **t  ;«'<a%^-  _  zi 
<  \  ^''  grains  i»t  j«»t  i^*»uii!i  |nrriaiiv:.iu.ite   to  a   liter     mhcrxr    -  *-«r 

Atter   ea*  h   a«!dt!:«.n  **i  \)\v  )»t nnanijanate  the  ^»Juth*o  %S^'»! 
l>e  ln'.sLlv    stirtrd     i^  i!   !  I*  t!:t.itrs  the    M'ttlllli;  o|  the    |»rT\t*c:i!r 
Sht»uM  the  s«iluti«»n  apj^ar  \ill.»\\  .»r  turbid    the  %timn^  ra-s^  *« 
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continued  until  it  is  clear.  When  the  rose  tint  appears,  indi- 
cating the  complete  precipitation  of  the  manganese,  a  few  grams 
of  chlorid  of  ammonium  and  five  cc.  ammonia  water  are  added, 
and  the  solution  is  filtered  without  previous  heating,  the  precipi- 
tate being  washed  with  water  containing  about  one-fifteenth  of 
its  bulk  of  strong  ammonia  water. 

The  precipitate  is  well  washed,  and  to  the  filtrate,  which 
should  measure  about  140  cc,  12^  cc.  of  hydrochloric  acid  are 
added.  If  copper  is  present  it  is  removed  by  means  of  gran- 
ulated lead,  after  which  the  zinc  is  determined  by  titrating  with 
a  standardized  solution  of  ferrocyanid  of  potassium,  an  uranium 
salt  being  used  as  indicator. 

The  manganese  determination  is  quite  exact,  but  the  zinc 
determination  not  so  good. 

The  results  on  samples  of  ore  submitted  are : 

Per  Cent.  Zinc. 

No.  5.                No.  9.               No.  II.  No.  13.  No.  20. 

14.38                  22.95                  8.58  5.24                  13.40 

14.22                  23.11                  9.20  3.64                  12.84 

AvcrsLgc,       14-30  23.03  8.89  5.44  13.22 

Per  Cent.  Manganese. 

No.  5.                No.  9.             No.  II.            No.  13.  No.  20. 

3.22                   2.89                 2.68                 9.25  0.65 

3.32                   a.8i                  2.72                 9.53  0.87 

Average,        3.27  2.85  2.70  9.39  0.76 

Note: 

« 

The  basic  carbonate  of  lead  used  in  the  preceding  method  is 
prepared  by  adding  to  a  hot  solution  of  carbonate  of  sodium,  a 
hot  solution  of  acetate  of  lead  as  long  as  a  precipitate  is  formed 
and  washing  the  precipitate  repeatedly  by  decantation  until  all 
sodium  salts  are  removed. 

COMPARISON  OF  RESULTS. 

Analyst.                    No.  5.  No.  9.  No.  11.  No.  13.  No.  20. 

KtilHna 14.64  24. xx  10.7X  6.31  16.09 

Von  Schulz  &  I/>w 15.31  24.34  10.76  6.42  16.14 

Jones 15.39  24.53  10-83  6.58  16.46 

Hawkins 15.66  24.23  11.88  8.73  15.86 

Knight > 15.08  23.80  10.69  6.85  15.90 

Page 14.62  22.00  10.50  6.30  15.37 

Mentzel 23.62  11.07  6.89  16.08 

Hahn 14.30  23.03  8.89  5.44  13.22 

A  consideration  of  the  above  results  leads  to  the  conclusion 
that  there  are  a  number  of  the  methods  detailed  that  are  satis- 
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factorily  ndapU-d  for  the  technical  detcnnination  <>t  /inc  .V'  ■  f 
the  technical  chennr%ls  employ  ihf  (ernK*vaniil  ^-iliittt^n  ?•  r  t  ir 
final  titration. 

A  nieth<^l.  however,  like  the  one  usol  h\  Mr  MrTit-*cI  «  -! 
hanlly  connnend  itself  on  aci*t»unt  oi  the  re|HMTetl  u***-  **t  h\«ir'  '^t-r: 
snlful.  The  nnitjne  ineth<Hl  ot  Dr  liahn  !or  the  c«  ?::*•? r<«i 
(letennination  of  inanj^anesc-  an<l  zinc  troni  one  ^uuti«»n  :*  -^wn 
to  the  scTious  <»hjcvtion  that  the  /iiic  resulin  arc  uni:«»rTT:!\  '.■  -m 
With  this  clifTicnltv  ohviate*!.  Xhv  niethotl  w^ntUt  In:-  aV«*^  '* 
ronnnen<lal»le  c»iie. 

Tlie  j^overniii)^  factors  which  should  intluemx*  the  '•c'rc*-    r.    < 
any  j^iven  inetlKnl  for   general  a<lopt!on  in  technual  laN^r i*.  -■r% 
are  without  <loul)t  the  accuracv  ot  the  re-ullsih.U  ran  !ic  «•>•€»  -ict 
l>v  itN    nse.   toj»flher    with  the    tinie   in\«»I\nl    in  it%   rxcststor 
When  it  is  liorne  in  mind  that  the  techim  a!  ihct:iJ*»t  i^   iiu\    '  r 
fronted    with  a  lar^je    numU'r  «»f    lieterminalionH  ih  it    arc  :  *    '«• 
matle.  aiul  that  not  otilv  are  metallurijtcal  caU  ;il4!:»«n^    >►«:  :'«» 
tre;*.ttnent  chaTj^e^^ou  t»resde|*enden:on  hi^ result'*  the  dr^:r**^    • 
of  having;  sim]»le.  tjuiik.  and  rorrett   inaUtual  i:uth»»S  :*  r--.  c 
apparent. 

Without  at  all  <lwpai.iv;ini:  the    meth<nU  e!np!*nol  *'\    %!«*.-. 
I'.i.n  .  Hawkins.  ,\\u\  Ki:i,:hl.  it  Mt!!isi»»ihv  o •!:.::*.'.!!« r  !     : ":  * 
nuih'Ml  «!tstiilKd   1»^    MtsstH    Mni  S*  liul/   \   l.*'W    ^'t :  r    v  •    ;'   • 
in«rf  !u  it1\   l!ie  <  «»niiitiM:iH  pivH  n?Kil  ihari  *[**  m\\  •  ;  :^-t      * 
II  will  Ik   !i«»tt  d  that  llu   lestill-s  ;^im!I  Sv    \{i  ^^rs    \   .ri  ?s  ';.  :   •   . 
I."W    .i!r    <  i»i:ip,ii  itiM  !\    lnk:h    i»!i!\   iti    t!u  n    «*iti  •rrt?**.  i*.     -* 
>  i:m»1»  •    N"^    V   \i.,\    I     iTid.  .ittentit»n   !s  ,i:re\  tr^!  !  •  tVv  'i  *   !'•" 
1"    *-.t!!   ••:    t!n    *    ^-.ii::;*!*  N   tht*  !»ri  ^t  tu  t-  ••!  *  ttl  •i!i;*a    ■^•>!:t' 

1^  :••    'i    Tr/r*tr'«l    :*'.  it   \ti      1    ik?iis  il'.,l    ni»t    lur-i'-^h    \'.:x        \:   • 
i::i"i::r  •  *  «   t-lr'*.".: \\\  r.*u   '   *    *'iit  In**   rvsult**  «•?:  t'  '.*  t  ■.  ~  -.  -* 


i  . : '    .  •  :  •  1 1  •  •.  • :  • 
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in  the  determination  of  zinc  to  a  severe  test.  It  is  also  aware 
that  any  method  which  would  commend  itself  for  general  intro- 
duction must  not  only  be  a  satisfactory  one  in  the  hands  of  its 
originators,  but  that  it  must  also  be  capable  of  yielding  con- 
cordant results  when  operated  by  others.  This  can  only  be 
determined  by  a  fair  and  impartial  trial. 

If  the  inducements  pertaining  to  von  Schulz  and  L<ow's  zinc 
method  seem  sufficient  to  warrant  other  chemists  in  investi- 
gating its  merits,  the  committee  will  be  glad  to  aid  such  in 
furnishing  requisite  material ;  and  it  will  no  less  be  pleased  to 
publish  such  criticism  as  may  be  offered,  if  weaknesses  in  the 
method  which  are  not  now  apparent,  are  thereby  disclosed. 

KOTB  BY  THE  EDITOR.— The  followiug  Correction*  from  von  Bchulz  and  Low  were  re- 
ceived too  late  for  insertion  in  the  proper  place:  "After  the  word  *  solution',  thirteenth 
line  from  top  of  page  493  add  the  following:  Owing  to  the  fact  that  ores  rich  in  sulfur 
occasionaUy  react  too  violenUy  by  this  treatment  it  is  best  to  vary  the  method  in  such 
cases  by  first  adding  five  cc.  strong  nitric  acid  to  the  ore  and  heating  in  a  covered 
casserole  nntil  the  mass  begins  to  become  pasty,  and  then  remove  from  the  heat  and 
add  twenty  cc.  of  the  chlorate  solution  and  finish  the  evaporation  as  usual. 

••  *  Uranium  acetate,'  p.  491.  fourteenth  line  from  bottom,  and  p.  493.  the  ninth  and  the 
fifteenth  line  from  bottom  should  read  '  uranium  nitrate.' " 


THE  QUALITATIVE  DETECTION  OF  NICKEL 

AND  COBALT.* 

By  Fred.  J.  Hamdly. 

The  qualitative  detection  of  nickel  in  presence  of  cobalt  is  often 
a  difficulty  with  the  beginner  in  the  study  of  analysis.  When 
the  conditions  are  correctly  understood,  Liebig*s  cyanid  separa- 
tion,— the  essential  details  of  which  were  fully  worked  out  by 
Gauhe  (Ztschr.  anaL  Chew.,  1866,  p.  75)  in  1866, — is,  in  the 
writer's  experience,  the  simplest  and  most  rapidly  executed. 
Although  clearly  stated  by  Fresenius  in  his  Qnantitative  An- 
alysis ^^  so  far  as  I  am  aware,  there  is  not  one  of  all  the  multi- 
tude of  text-books  on  qualitative  analysis  in  our  language  which 
recommend  this  method  that  does  not  introduce  some  unnecessar>' 
condition  into  the  procedure,  as  in  most  cases  the  student's 
difficulties  arise  not  from  his  own  incapacity,  but  from  the  faulty 
description  given  by  his  text-book. 

♦Chem.  News.  65,  289. 

t  Seventh  Knjflish  Edition.  1,  444.     In  his  Qualitative  Analysis  Fresenius  adopts  the 
more  tedious  nitrite  separation. 
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Althoiij^h  Ihc  subject  is  not  oriy^inal.  it  may  ihcrrforc  he  ts^  tts' 
to  call  the  attention  to  the  simplest  and  nu>st  Hati^<ai*t<»r\  lactS*! 
of  workinjj.   (vaiihe  shows  ctmclusively    that  the  rtm\ rpk:*<i  •< 
IK>tassiuni  c^haltous  cyanic!  into  the  col»altic\  ani<l  h\  lw»ilin^  »-t!i 
hydrcH^yanic  acid  (at  l)est  a  <lanyjerous  exjKTimcnt  >.  i%  al«  jv  *  3 
complete;  but  that  by  means  of  a  suitable  <»xitli/ini»  a^rr.!    -r^ 
alkaline  solution  the  cobalt  may  lie  directly  ct>n\-rTtct!  tnti    tSc 
soluble  cobalticyanid.  the  nickel  l)ein>j  Mmultanc*»U'Jv  |»fr\-?;'  *! 
ted  as  hy<lrated  nickelic  <>xi<l.     The  meth*><l  *»(  tlctc\-tmi:  a-  k<, 
in  presiMKx*  of   o»ball  is  then  as  follows     Separate    the   !i;\o! 
sulfuls    from    the    ammonium    sulful    preiipitatc    h\    mrar.%    <A 
cold    dilute    hydriKhloric    acid,    and    te*^t    a    ^mall    |«»ftM".     ^ 
a  iKjrax  Inrad.  The  presencx^  <»r  al>scnce  of  an\thtn>;  m«*rr  th^-  i 
tracx*  of  (^>balt  is  <lirectly  indicatetl  by  the  o»h»rati«»n  pn«l;NT^t 
Dissolve  the    sulfids    in    hc»t  hydnK'hloru    acttl  Hith  the   i>l  *«: 
|M>tassium  chlorid.  Iniil  off  the  excess  of  chl«»nn  atn!  frn>'*.r  \^ 
exix'ss  of  acid  either  by  neutralization  or  ev.ij»oratnm  lod-^-^%* 
To  the  neutral  s«»lulion  add  an  exix*>s  oi  frr^hh  prrparr*l  ^  'ut  •  i 
of  {M)tassium  cyanid  in  c^dd  water.  A»;i»»*4/uhal  i^  nrtv%rtaf>  t«  •▼ 
diss* live  the  precipitale<l  cyanid**.    Ilodin>;  is  unncx*v^%jir\       V  ile 
the  solution  deciclollv  alkaline  with  s«»ilium  h\i!fatr.  add   a**^: 
twice  the  volume  of  bromin   water,  heit  >;entl\  .   al!«>m   !-»  <x'»l 
a  Jew  minutes,  and  filter  otf  the  pritipitaletl  nukclu  *^\ui       T*^ 
niikel  mav  Ik-  o»ufirmed  b\  the  U»t.i\  l«e.»d  reai-tion  a!trr   •  xo 
in^  the  precipitate 

The  attion  oi  the  oxdi/iiikj  av:ent  can  l»c  rrpCT-<«-n:r»!  ^t 
equations,  thus 

2KCNC«»(CN).4-.'KCN  f  Hr       K.Co^CN^^  KWr 

Tluri-  Is  !»«»  Iiinr  i!!t»ti  •»!  h\*!r«H\.inn  .u  ul  at  an\  ^ai:^  ^  v»r 
pT«Hi'*N.  si»  th«  <'jH  :  jt:'»tiN  in.iv  \nr  v.iI.K  o»nduitr%l  !i  t V  rvt 
liU.T.it«»r\        C"!nr.H  :<  m!   t*»SiIt    s.r.t«%    ilni«»^t   in\af.a*0      ^  i 

j«:r«  :pUjt<-  Ml  !'.:i  kt  I:«  ••\'.d       T!u- i  \  .i!i:d  t:u-th»«l  ha*  t>c    i  :    i- 
!  »;:f  »'\vf  thr  p!tt  :p!!  itv»!i  « »l  llu'  i»»S.i!l  .is  j»»tas>s;uri    .•  *.-  •    • 
tf.tt     lu  tlj.it  tl:<    ^-.  p  ir  it:«'!i   is   i!i«irxi  iropuutU    i  aTT*cs*   -    .i    ^    -  *. 
\\u   "^it*  t  ♦»!  'N  !t .  !':^    ».   *    '    \\  !ii%  h  i!u  t.il   Is  imr:Hs!:ji:i    .    ■«•    .t 
r.itid  .IS  a  p:e\!pil.iti  nadilv  a\.itlable  tor  vxamiuatHO 
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If  the  analysis  is  to  include  a  search  for  traces  of  cobalt,  the 
alkaline  filtrate  from  the  nickel  precipitate  is,  in  the  draught 
cupboard^  acidified  with  excess  of  sulfuric  acid,  and  evaporated 
until  the  excess  of  acid  is  nearly  expelled.  The  residue  is  taken 
up  with  water,  made  alkaline  with  ammonia,  the  cobalt,  if  pres- 
ent, precipitated  by  ammonium  sulfid,  and  confirmed  by  the 
borax  bead.  Or,  a  portion  of  neutral  solution,  containing  the 
nickel,  may  be  treated  with  acetic  acid  and  potassium  nitrite, 
and  the  traces  of  cobalt  directly  precipitated  by  allowing  to  stand 
for  a  few  hours. 


NOTE  ON  THE  EFFECT  OF   SEDIMENTATION  ON 
THE  SELF-PURIFICATION  OF  RUNNING 

STREAMS.* 

[coktributions  from  the  laboratory  of  rensselaer  polytechnic  institute.] 

By  W.  p.  Mason  and  C.  C.  Arosemena. 

The  question  of  sedimentation  is  one  which  has  been  con- 
sidered by  some  authorities  as  of  vital  importance  in  the  self- 
purification  of  streams.  With  a  view  of  determining  to  what 
extent  it  can  be  depended  upon,  the  following  investigation  was 
undertaken. 

Upon  four  different  occasions  (covering  various  conditions  of 
medium,  high  water,  and  flood)  samples  were  analyzed  from  that 
section  of  the  Hudson  River  extending  between  Troy  and  Albany. 
The  stations  at  which  samples  were  taken  were  situated  a  little 
over  one  mile  apart,  beginning  at  State  street,  Troy,  and  ending 
at  the  Albany  Intake,  five  miles  below.  Two  samples  were 
taken  at  each  station  during  ebb  tide  and  in  mid-channel ;  one 
two  feet  from  the  surface  and  the  other,  as  near  as  could  be 
judged,  two  feet  from  the  bottom. 

•The  bottom  samples  are  designated  throughout  this  paper  by 
priming  the  letter  used  to  designate  the  corresponding  upper 
sample.     The  letters  used  are  from  A  to  F  inclusive. 

The  first  set  of  samples  was  taken  on  April  26,  the  river  being 
two  feet  above  normal.     The  appearance  of  the  water  at  that 

•The  following  was  presented  by  Mr.  Arosemena  as  a  graduation  thesis  for  the 
degree  of  B.  S.,  at  the  Rensselaer  Polytechnic  Institute,  in  June.  1892.  The  work  is 
entirely  his  own.  and  was  undertaken  at  my  suggestion  and  under  my  observation. 

W.  P.  Mason. 
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lime  was  clear,  and.  owing  to  warm  weather  durinic  the  cxr\ 
part  of  April,  all  snow  water  was  pn)lial»ly  altscnt  <n>fn  the  n\rr 

The  second  set  of  samples  was  taken  on  May  i;  the  witrr 
lieinj^  4.2  feet  alK)ve  nonnal.  The  state  canals  hail  aIreAti\  ^c-r^ 
ojKMied  and  numerous  tugs  and  steamU>als  a^itatctl  the  w  ji!rr  • 
had  rained  on  the  previous  day.     The  water  apj»caftrtl  cic-i* 

The  third  set  of  samples  was  taken  on  May  2,;.  the  matcf  V  :ii: 
very  turl)id  ami  reading  11.5  feet  al>ove  normal. 

On  May  31  the  fourth  and  last  set  «»f  s:tmplr%  was  o»IU\ff  1 
The  water  was  still  high.  rea<ling  i).5  let* l  aU>\-e  iu»mal  arvl  «  1* 
ver>-  turliid. 

All  samples  were  analy/etl  as  siwmi  a^  «>lKainexi  an!  x'-jt 
analytical  results  expressed,  in  parts  per  nullion.  as  m-rll  a%  •hr** 
graphical  representation,  are  given  ln-yond  <the  ihart%  i-r 
omitted).  From  the  examination  of  thcM:  data,  the  c^ni>K  Ixx*:,- ^. 
S4*ems  to  l)c  justifietl  that  water  ctmtaining  a  ccmMtlcraMe  a  r>  -:••. 
of  susj)cn<led  matter  capable  of  settling  !•»  to  a  certain  dcw'^f^ 
purified,  in  acx"t»rdaiKX'  with  the  well  kn4>wn  laU»rator\  i»^»^r\  t 
tion  that  solid  material,  no  matter  how  minute.  •»n  settling  m'.l 
often  <lrag  with  it  an<l  precipitate  more  <n  le^-*  «»ther  matef^il* 
ewn  though  the  latter  l>e  in  M»lution. 

As  i-xi>ecti*d.  tot.il  si»lids  were  higluT  «luring  tl«*nl     at  the  ^i-i-r 
tinu' the  aii.iK  Ms  showed  the  water  ni  a  jwiorer  omd:!*-»n  tr.i^s 
vvhiti  the   luer   w.is  l«»\v.    even    thtiUi^h   the  di'u!r«»n   m  1%    r~  _ 
gTi  iter.      Tills  Is  to  Ik-  aix-miiile*!  lor  l»v  the  la^  t  lh.it  .luf".  ^  '     ., 
vv.ittr  .1  vi^*' it  iiirre  is<-  m!   surf.ue   w.ishnu;   •^^^lr%   uh.^h  1' »  .    ^ 
i.iTius  ^^rf.»tl\    ni«*re.is<d  niiptinttes  t*  thi   rtitti  strv-i-: 

TIu-  I  x.ir.r.n. itH»ii  «»!   the  lot  il   s-tlid-*  sh'»us  ^-^Iirj^-n!  i*  :• 

all    si.ij^t  s    I'l     ihr    TiM-r.    the    .wiri^v    1^*111^:     ?^rjir!\       •      *' ,    : 
tlir«»ugh«»iit  tlu  entui  <listaiuv. 

Siu  h  s^d:i!u-nt.*ti«»ii  is.  however.  »ltvitle^lh  *ni.ill  \r  '  ^  f 
ot    tlu*    ;ini»»i{!it    dijw'-^'.titl    ni.iv     ?»**    oUt.iinrd    tr»»r!:    thr    :»   •    *     :* 

•*t.it;»ii  C  1*  ;   ;'  ;»*  r  .  i  !•.:    i.i  thi  t'»t  i! -^t!- S  jn  the  •.:!»;^  -  *.i  —  -  - 
.\  ^;!i:ki-  .it  t!;r  t  iM*   ••:    ri»i';'Tv-d   "\\^t*i  ci'i   n- »t   d  *  •?'    •*   *tc 
th  in  •lis*  !=iM-  th,   !  ii  t  t'.i  it  -M.'l'trit  rit.it:":i  h  I'*  t  iken  j'livv    t        .  <^ 
1:1  iIj'n  1  i«-<    t!i'   '.H  :.  1  !it  i.'t  « •:   i!!ij:««\i*i'u  tit  !s  nnu  h  *v..  iTc*  r  *  1 '. 
\\h  it  i>  iiitlii  ktrd  ^.  t!u  t-  t  4!  •m.Ii.'k       Thv  lut  thi!  trex    i'-.-  .        i 
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has  increased  shows  that  a  step  toward  oxidation  has  taken  place. 

During  flood,  albuminoid  ammonia  has  increased,  owing  to 
more  fresh  organic  matter  coming  into  the  stream  and  decompos- 
ing from  the  first  to  the  second  stage  of  oxidation. 

In  order  to  get  some  idea  of  general  purification,  the  following 
is  a  tabulated  statement  showing  the  amount  of  each  ingredient 
in  the  upper  sample  at  Albany  as  compared  with  the  correspond- 
ing one  at  Troy.  The  calculations  are  based  on  the  average 
results  in  parts  per  million. 

Troy. 

Free  ammonia  0.0418 

Albuminoid  ammonia    .  0.1667 

Required  oxygen  6.5310 

Nitrates  0.4636 

Total  solids     .  94.2500 

Nitrites  were  found  in  traces  only.  The  results  on  required 
oxygen  show  some  improvement,  but  the  differences  are  too 
small  to  be  noteworthy.  Nitrates  have  a  tendency  to  run  high 
in  lower  samples,  giving  signs  of  oxidation,  but  such  oxidation 
appears  to  be  exceedingly  slow,  judging  from  the  results  here 
obtained. 

A  review  of  the  evidence  herewith  given  leads  to  the  belief 
that  sedimentation  is  at  times  a  source  of  river  purification  in 
streams  such  as  the  Hudson,  although  not  nearly  so  pronounced 
a  one  as  has  been  heretofore  held. 


Albany. 
0.6000 

0.1550 

.  5.8750 
0.4872 

116.0000 


FREK 

AMMONIA. 

I 

2 

3 

4 

Average 

A 

0.0425 

0.0350 

0.0375 

0.0550 

0.04187 

A' 

0.0325 

0.0250 

0.0175 

0.0550 

0.03250 

B 

0.0650 

0.0260 

0.0175 

0.0800 

0.04172 

B' 

0.0750 

0.0260 

0.0200 

0.0500 

0.04275 

C 

0.0600 

0.0550 

0.0900 

0.0550 

0.06500 

C 

0.0700 

0.0450 

0.0400 

0.0400 

0.04875 

D 

0.0413 

0.0600 

0.0550 

0.0650 

0.05542 

D' 

0.0400 

0.0350 

0.0550 

0.0700 

0.05000 

E 

0.0375 

0.0450 

0.0550 

0.0600 

0.04947 

E' 

0.0375 

0.0350 

0.0540 

0.0400 

0.04287 

F 

0.0200 

0.0600 

0.0820 

0.0800 

0.06000 

F' 

0.0200 

0.0500 

0.0610 

0.0650 

0.04900 
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AUirMINOin   AMMONIA. 


1 

2 

3 

4 

A\^fatfc 

A 

0.1375 

0.1700 

0.1925 

0.1 67*1 

>              0    t*^  -4 

A' 

0.0975 

0.1200 

0.1995 

O.I55r 

< 

H 

0.1550 

0.1900 

0.2225 

0.  IOIV1 

►             t.    I'rf.*- 

B' 

0. 1 750 

o.iHoo 

0.2150 

0.1 25*^ 

1              <t    t  *  *  *  z 

C 

o.ot>5o 

0.0H50 

0.2450 

0.17**1 

►           0  14*-; 

C 

0.1050 

0. 1 100 

0.2750 

0.135c 

►        <»  IK*  :k 

D 

0.0837 

0.0900 

0.2400 

0.1750 

►       0  u::- 

D' 

0.1300 

0.1200 

0.2500 

0.135c 

0  H'*:; 

K 

0.1105 

0.1350 

0.2100 

0. 1«^1i1 

►         *»  i^i;- 

K' 

0. 1 275 

0.1200 

0.1950 

0.  i7i»i 

►         «»  1^;:; 

F 

0.1200 

0.1150 

0.2000 

0.  iS5n 

►         0  m  •> 

F* 

0.0950 

0.1300 

0.2050 

0.  IX5C1 

1         0  14:;* 

NITRATKS. 

1 

2 

3 

4 

A\xT»c<" 

A 

0.5125 

0.4W2 

o.4**»Xi 

03432 

0  4*vt*'^ 

A* 

0,6314 

O.SO^K) 

0.4246 

o.VI3i 

o47^^> 

K 

0.fM>2K 

O.VM7 

0.4246 

o.^fw/j 

*         0  4N%.»» 

li' 

o.74<^> 

o.5>*7*) 

0.4224 

(V3t|ho         0  i;*'*- 

C 

0.4H30 

o.47*)6 

0.44S.H 

0  391ft 

>          •*  4*«*T^ 

C 

0.59**44 

0.5072 

0.66.HH 

0404  ?< 

^           0  S44^' 

I> 

o.4«/m> 

0.4755 

0.471)6 

0.3S2!< 

0  4«Mr^ 

I)' 

0.4972 

o.4«kj2 

o.47*/> 

"37^ 

f»  44!  :  * 

!•: 

o.4*>*M 

t>.4i«v4 

«v47i/» 

047^2 

0  4^;**  4 

K' 

o.4«>*M 

o.4«K>2 

«v5.kSs 

0  4VS4 

,»  47'^ -• 

!•• 

o.4i>2S 

o.y»;2 

c».5056 

0  .XS7-' 

,  4%«.«*> 

F' 

o.44)2S 

KK«J(-|KKI 

0  V»23 

>    OXVI'.KX 

0  41  ;^ 

1          •-  *  c :  •  "  • 

t 

• 

• 

4 

Awri^ 

A 

^.f»^i«. 

S  S5r»> 

7  ^7V* 

'»  7v*^ 

►          ••;;:• 

A* 

^  7«  •  ■ » 

57»v«> 

7  ^7^«' 

f*  7^i«i 

'•   4«^« 

li 

^      N4   ■•   > 

f,  7^<»> 

7    !•••» 

7  I  v»«^ 

*>•••••■ 

li 

^  r«  ■  ■» 

r..7^,  ■» 

fi    /«««! 

7  3V« 

»           ^  ^-c  • 

c' 

4    **V«' 

1  ;v*» 

ft.*4^««t 

^  7<»« 

(  4'  .-•• 

C 

^   V»' 

^     fm  ••* 

7  v««» 

^  ^^*« 

»           •..»•-  m 

I) 

^   -•*•■• 

J     .j^.  •• 

'.  «*-»»» 

^   2^*« 

*              K    Kk  %% 

n 

^  ;^••• 

^     '«  ■  ■  » 

7    U'»» 

'»  ^«a 

,              ••     -'^  % 

i: 

^  ll«»» 

'•   V  ■  *  ' 

^  >»»^ 

»             •^    I  *.  •• 

K 

^   U  •' 

1 

7  '»  •  •» 

'»   >■» 

•.  4*:»« 

I- 

4  wv«« 

^  7»««» 

7  ^i^w^ 

S   »%»»i 

1              ^    *-Cm 

F 

5  3V»» 

5  4i«»» 

7  .^V 

5  7V»^ 

»             5  ^S'  % 
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A 

A' 

B 

B' 

C 

C 

D 

D' 

E 

E' 

F 

F' 


TOTAL 

SOLIDS. 

I 

2 

3 

4 

Average 

63.CX) 

60.00 

150.00 

90.00 

94.25 

48.00 

62.00 

151.00 

99.00 

90.00 

54.00 

55.00 

149.00 

98.00 

89.00 

55.00 

57.00 

149.00 

100.00 

90.25 

63.00 

64.00 

153.00 

101.00 

95.25 

63.00 

64.00 

163.00 

104.00 

98.50 

65.00 

86.00 

165.00 

96.00 

103.00 

66.00 

89.00 

169.00 

99.00 

105.75 

73.00 

56.00 

166.00 

92.00 

96.75 

78.00 

59.00 

170.00 

90.00 

99.25 

80.00 

90.00 

179.00 

115.00 

116.00 

82.00 

91.00 

172.00 

110.00 

113.75 

ANALYSIS  OF  LIME  ROCKS  FROM  MAINE. 

By  Franklin  C.  Robinson. 

The  chief  lime  region  of  Maine  is  in  Knox  and  Lincoln 
counties  in  the  towns  of  Rockland,  Thomaston,  and  Warren. 
Lime  has  been  burned  in  that  locality  for  a  century  or  more  and 
its  reputation  for  building  purposes  is  of  the  highest.  I  have 
recently  had  samples  of  the  rock,  which  I  collected  myself, 
anal3rzed  in  my  laboratory,  and  they  show  the  general  character 
which  such  lime  must  have. 

The  rock  shows  little  sign  of  crystallization,  but  is  gray, 
massive  or  finely  granular,  with  appearance  of  stratification. 
Two  kinds  of  rock  are  distinguished  by  the  miners,  called  **soft 
rock**  and  '*hard  rock.*'  The  hard  rock  evidently  contains 
more  silica,  and  when  it  contains  so  much  as  to  injure  the  quality 
of  the  lime  it  is  called  **poor  rock.**  Streaks  of  poor  rock  are 
found  in  all  the  quarries  and  many  have  been  abandoned  on  that 
account. 

It  will  be  noticed  that  the  magnesia  is  small  in  most  of  the 
Rockland  limes,  but  still  it  is  always  present  and  in  one  case 
amounts  to  over  twenty  per  cent.  On  the  other  hand,  some  of 
the  Warren  rocks  are  true  dolomites.  These  latter,  too,  are 
whiter  in  color,  and  show  distinct  crystallization  and  cleavage. 
Local  names  of  quarries  are  given,  but  all  those  analyzed  in 
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each  town  are  in  close  proximity,  except  that  from  Case  and 
Glover  vein ,  which  is  a  mile  or  more  from  the  others  in  Rockland. 


J. 
II 

li 

1! 

5| 

IS 

1 

If 

1 

fi 

1* 

'J 

Is 

sill 

98.60 

99-tl' 

8-6.1 

0.90 

98,6 

5a. I 

CBlciumcBrbonBtc... 

MbkdcbIuih  carhanntc. 

»9' 

Much  credit  is  due  Mr.  C.  H.  Cutts  for  the  careful 
which  the  analyses  were  made. 

Chemical  Labobatorv  op  Bowdoih  Collboe. 


PHOSPHORIC  ACID  IN  BERYL. 


Several  years  ago  (Spring  of  1883)  Prof.  J,  Toirey,  Jr.,  now 
of  the  Harvard  Laboratory,  then  a  student  in  Bowdoin,  found  a 
mineral  in  the  neighboring  town  of  Yarmouth  which  was  of  such 
peculiar  appearance  that  I  suggested  that  an  analysis  be  made. 
Its  appearance  suggested  a  beryl;  that  is,  it  was  of  the  well 
known  beryl  form,  but  had  hardly  the  suggestion  of  green  color 
and  the  cry.stallization  was  rather  indistinct.  His  analysis  gave 
silica  lower  and  alumina  higher  than  they  should  be  in  ber\-l, 
and  in  addition  phosphoric  acid  and  alkalis  were  discovered  to 
the  amount  of  several  per  cent.  Our  notes,  made  at  the  time, 
show  that  while  sodium  and  potassium  were  the  chief  alkalis  in 
amount,  undoubted  traces  of  lithium  and  caesium  were  also 
present. 

Our  decision  then  was  that  the  mineral  was  probably  not  a 
beryl,  and  it  was  laid  aside  for  future  work.  Since  then,  as  is 
well  known,  other  observers  have  proved  the  general  presence 
of  alkalis  in  beryl,  and  I  have  only  awaited  a  favorable  oppor- 
tunity to  re-examine  the  specimen  and  see  if,  after  all,  our  first 
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impression  as  to  its  being  a  ber>'l  may  not  have  been  correct. 
My  assistant,  Mr.  C.  H.  Cutts,  has  now  made  such  re-examination 
with  the  following  results : 

Color,  gray  to  white,  with  mere  trace  of  green.      Hardness.  7.    Specific  gravity. 

2.627.    Loss  on  drying  at  loo"  C,  0.33  per  cent. 

Per  Cent. 

Loss  on  ignition   1.53 

Silica ^70 

Alumina i7>76 

Beryllium  oxid 12. 18 

Phosphoric  acid 2.76 

Alkalis  (NagO,  K,0,  LisO,  CsaO) i.io 

100.03 

Regarding  the  phosphoric  acid  and  alkalis  as  replacing  a  part 
of  the  beryllium,  we  have  the  numbers  i,  2,  6,  12,  for  water, 
alumina,  beryllium  oxid,  silica,  respectively,  showing  that  the 
mineral  is  really  a  beryl.  The  former  low  result  in  silica  was 
not  obtained  owing  to  greater  care  in  selecting  a  pure  specimen 
for  analysis. 

The  presence  of  phosphoric  acid  in  this  led  me  to  have  it 
tested  for  in  other  specimens  of  beryl,  with  the  result  that  its 
presence  has  been  detected  in  nearly  every  case ;  but  in  no  other 
specimen  has  so  large  a  percentage  been  found.  I  am  unaware 
that  any  notice  of  the  fact  that  phosphoric  acid  is  frequently 
present  in  beryls  has  before  been  published. 

Chemical  Laboratory  of  Bowdoin  College. 


AN  EFFECTIVE  CONDENSER  FOR  VOLATILE 
LIQUIDS  AND  FOR  WATER  ANALYSIS. 

By  W.  a.  Noyes. 

An  effective  condenser  has  recently  been  described  by  Evers.* 
The  condenser  illustrated  by  the  cut  below  is  similar  in  principle 
but  has  the  advantage  that  it  can  be  easily  made  from  ordinary 
laboratory  materials.  A  small  glass  tube  is  selected  about  twice 
as  long  as  the  internal  tube  of  a  Liebig's  condenser,  and  having 
an  external  diameter  a  little  less  than  one-half  as  great  as  the 
internal  diameter  of  the  tube  of  the  condenser.  The  tube  is 
bent  sharply  on  itself  in  the  middle,  taking  care  to  bring  the 
two  sides  close  enough    together    at   the    bend    so    that   the 

^  Ber.  d.  chem.  Ges.^  24,  3950. 
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DETECTION    AND    ESTIMATION   nV    LEAD. 


V  tul)e  fonned  will  enter  the  internal  ixiW  of  the  o»r-*!ctrr^* 
The  tul)e  must  not.  however,  close  ujK)n  ilscit  at  the  Vtv:  -i 
such  a  way  as  to  impede  the  flow  of  water  through  it  The  !•♦> 
ends  of  the  tul)e  are  lient  over  so  as  to  form  an  anicic  *4  a^«  *s: 
forty-five  dejjrees.  The  small  tulnr  is  then  iuMrrlctl  :n!»«  :be 
lower  end  of  the  Liehi^'s  ci>ndenser  with  the  lirnt  end*  diTt^tr»i 


upward.  The  tul>e  an«l  txmtlenstT  are  onincctcti  «ith  the  »*:rr 
supply  in  such  a  way  that  the  water  passes  6rxt  ihncich  •i*r 
small  tul)e  an<l  then  throu>;h  the  outer  tuln:  of  the  o^tvlm^'r 

I  have  fouml  the  ct>mlensfr  e^piviaUy  UM:ful  m  matrr  as.aI»  *i-% 
in  tletenninin^  ammonia,  where  it  is  i-sM:ntial  that  the  d:<-.-'j!r 
should  Ih.'  thorouj^hly  ctudetl.      I   am  in*lcl>lctl  to  Mr    A    \     H 
Mory  for  the  acomipanyin^  drawing. 


Uttmt     |N»l\rttM^U     lH*TtttTI     «KT       '^/Ji 


Tin:   DI'TI'CTION   ANI>  l-STIM ATION  i  iF  MINI  T: 

OlANTITIl-S  OF   I.I.AP   IN   Till:    FkFSINvi 

OF  CnPI'l-k  ANM  IRoN  • 

II \    l»%H^    I     Tit:      !i«% 

I  pT«»|>oM.*  first  lt>  relcr  to  the  diteitioii  «»|  Icid  m  %u!!ut*..    *  -  i 
Tlu-  u>u.d  nutlKHl   is  h\    dilution  \%iili  w.itit    but  I  t*»u?vi    -* 
Mils  a>:<».  that  h\  adding  hsdriK  hlt»ric  ai  id  l»»  the  sulrurt^   a,  '<i 
an«l  kt-vpnik:   it  told,  a   niu*  h  smalUr  tjuantit^  «!   lca»l  \^«^'  i     «- 
lUtiH  ted   than    l»\    .id«lniv:   water,  or   rwn   h\    adding    mitr*    tz^i 
sul»s<njucntlN   an  t«|ual  \oliinu*  oi   a!»s«»Intc   alo»h*'«       T>h*  V^i^i   .*» 
pUiipitated    In  i!ilt.r!j.  .i^  a  jK^iuIiar    jnarlN    »»paIr-*«.^Tvx        I  :a' 
ililrtl  this  priHi^H  toi  i!u    |»ii:]«»M.-  «•!  !v!!to\i!\^  lcj*i  lr*'r.:  %>u  "::-•. 
M\i\.  whuh   It   •!••*>  jKiiitt'.x.    Silt    '^uluiru'   .u  ui   ?nanu!i.^--     -» 
.is^un-  me  th.il    t!ufr  is  ti«»  t ^»ini!'.r:i  »al  value  m  an\  irf^mr-^rt*  :  Mt 
woidd  ettit  t    -*'.i»  h    I  ft -^iilt        Alth«»Uk'h    IruMUi^    '•^njc-th.R^.  !        m 
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desired  as  a  patent,  the  process  is  still  of  use  as  a  test  on  account 
of  its  delicacy.  It  can  be  applied  to  the  detection  of  minute 
quantities  of  lead  in  organic  substances.  Take,  for  instance,  a 
substance  which  is  generally,  I  may  say  invariably,  contami- 
nated with  lead — tartaric  acid.  The  lead  is  a  little  difficult  of 
detection  by  the  ordinary  process,  because  sulfid  of  lead,  as  we 
know,  is  more  or  less  soluble  in  tartaric  acid.  If  the  tartaric 
acid  is  ignited,  a  large  proportion  of  the  lead  is,  of  course,  lost, 
but  some  is  left,  and  there  is  sufficient  in  the  small  quantity  of 
ash,  if  digested  with  pure  sulfuric  acid,  to  show  the  character- 
istic reaction  on  the  subsequent  addition  of  hydrochloric  acid. 
While  on  the  use  of  hydrochloric  acid  as  a  test  for  lead  in  sul- 
furic acid,  I  may  mention  that  nitric  acid  is  also  a  test  for  lead 
in  sulfuric  acid ;  but  it  is  not  nearly  so  delicate  as  hydrochloric 
acid.  If  to  a  sample  of  commercial  sulfuric  acid  which  is  very 
rich  (/.  ^.,  very  impure)  in  lead,  nitric  acid  is  added,  the  lead 
mainly  settles  out,  but  still,  after  treatment  with  nitric  acid,  lead 
can  be  detected  by  the  addition  of  hydrochloric  acid.  Hydro- 
chloric acid  gas  is  insoluble  in  sulfuric  acid,  and  if  passed  through 
strong  sulfuric  acid  which  is  highly  contaminated  with  lead  for 
an  hour  or  more,  nothing  whatever  happens ;  but  if  to  that  acid 
in  a  test  tube  a  single  drop  of  the  solution  of  hydrochloric  acid, 
or  a  crystal  of  common  salt  is  added,  the  characteristic  precipi- 
tate at  once  appears. 

The  main  object  of  my  paper  was  to  draw  attention  to  the 
difficulty  of  detecting  and  estimating  minute  quantities  of  lead 
in  presence  of  copper  and  iron.  There  are  certain  temperance 
drinks,  such  as  lemonade  and  soda  water,  which,  in  the  process 
of  manufacture,  are  liable  to  contain  at  least  these  three  metallic 
impurities.  In  the  case  of  lemonade,  the  lead  occurs  partly  in  the 
tartaric  €Knd  used,  and  partly  comes  from  the  use,  perhaps  one 
ought  to  say  abuse,  of  lead  pipes  for  transferring  the  charged 
solutions;  and  the  copper  comes  from  the  copper  cylinders 
(although  tin-lined)  in  which  the  drink  is  charged  with  carbonic 
acid.  Hence  the  difficulty  arises  of  detecting  a  highly  poison- 
ous metal  like  lead,  in  the  presence  of  a  mildly  poisonous  metal 
like  copper,  and  a  non-poisonous  metal  like  iron.  The  most 
delicate  reaction   for  both   lead   and   copper  is,  I  believe,  the 


514  DRTRCTION    AND   RSTIMATfON  OP   LKAD. 

precipitation  as  sulfids,  either  by  hydro|(en  »ulfid  or  aaini«ier 
sulfid.  The  amounts  present  can.  of  coume.  be  estimated 
metrically  by  comparison  with  known  qnantitien.  I  find  tbe 
sulfid  reaction  far  more  delicate  in  the  case  of  copper  than  iht 
ferrocyanid  reaction.  I  do  not  think  the  hundredth  ol  a  trmtm 
of  copper  in  a  gallon  of  liquid  could  be  detecteil  b>-  mratt^  <4 
the  ferrocyanid  reaction  without  concentration.  Imt  mmmomwm 
sulfid  would  easily  detect  it.  The  objection  to  iht%  rraiceM  m 
that  it  does  not  distinguish  between  lead  ami  copper  To  cArct 
this  distinction  I  simply  make  use  of  the  well-known  t^-t  thjit 
sulfid  of  copper  is  soluble  in  cyanid  of  poCaseaum.  whefra% 
fid  of  lead  is  not.  To  |>erform  a  determinatum  Place  a 
ure<l  quantity  of  lenumade.  or  other  liquid,  in  a  ohntlrr  or 
white  Imsin.  Add  a  few  (x\  of  ammonia  and  a  little  c^ankd  <a< 
{Kitassium.  then  add  a  minute  quantity  of  ammcmtum  «al&i 
Down  i^mies  the  lead,  but  not  the  cufifier.  Then  imitate  tbr 
ix>]or  by  known  quantities  of  Irad  prei*ipitated  under  similar  c«« 
diticms.  Iron  does  not  at  all  interfere  with  the  tea  If  an  tn^ 
salt  is  addetl  to  lemonade,  lor  instamx.  ami  made  alkaliitr  «*t^ 
ammonia,  the  inm  is  ke|>t  in  sot ut ion  bv  the  tartaric  a«r»d  Aad 
on  addition  ol  cyanid  t>l  |)ota<i!%ium  is  ctNi\-ertrtl  inti»  a  frr?*-  j^ 
fi-rricvanid.  n<it  prrcipitable  by  ammontuni  sulfid  In  the  av 
ot  li(|uids  n«)t  omtaiinnK  tartaru*  arid,  it  is  rasv  rni*u<h  t*  ^Sl 
a  lilllc*  in  ihr  ovi-iil  ni  iri»fi  lit*ing  pn-scnt 

IMsCt  SS|i»N 

Mr  lirrtram  Hlount  said  that  Hith  rrtermcr  to  tbr  c^^v-i! 
qurstion  ot  ti-stin>c  for  lead  in  small  quantities  that  there  «a«  ^«r 
li-sl.  Ihr  im-ntN  oi  whirh  Mr  .Mlrn  ami  Mr  llar\e%  h***.  ^  or 
imiih  III  ni.ikt*  kii«»\\n  He  rrlrrrtsl  tt»  the  ibntmatr  test  «^i.i 
hv  nni'»tantK  tiM-ti  !*ir  all  |»iiqw»scs  it  «as  not  fKih  e^i.Trsi's^  i 
«!thi  all-  il  jui'jK'ih  »  iTTu-tl  «iut.  t»ut  al^»  c\tremel\  ihara*trr;<». 

Mr  SiiliHx  II. i:\rN  '*,u»l  that  in  uatcr  ointaintOiC  a  tr<^t 
p.irt  «»!  a  v:r.iMs  .»!  !r.i.l  ]*vi  ^,uU*u  the  nirtat  o>umI  V^j^xt* 
t.ilt-tl  }i\  >»ii  lir«.!n.it«  •■:  ]--!.i'»!i  II  an«>%%«sl  t«»  Matnl  y^-e  •mx  -r 
h«»nf*  llif  \\  .It*  r  I*"!*'!  *h  ;»»»nriil  <»tf  ii»  thr  last  «lrx^»  «t».'.  tbr 
rhTi«rnatr  ••!  Ii-.i«!  .''V.!!  !!:»  m  S-  .i«1\  anta>:r«tusl\  ^irrrx!  u;-  •  :  i  • 
l:ll!r  tiiMiIIv*!  w.i!f!  .i:;-!  turni*!  it:!'*  a  ^iiiallc;  xrsi^I    sa\   a  ro.  * 
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inch  test  tube,  when  a  precipitate  visible  both  by  color  and 
amount  would  quickly  settle. 

Mr.  E.  Russell  Budden  said  he  had  found  that  when  the 
chromate  test  was  used  in  the  presence  of  organic  matter, 
a  reduction  always  took  place.  For  instance,  in  a  case  of  test- 
ing for  lead  in  lemonade,  if  one  used  the  chromate  test  with  the 
original  liquid,  and  allowed  it  to  stand  for  a  time,  in  a  great 
many  cases,  presumably  from  the  fact  of  tartaric  acid  or  other 
reducing  agents  being  present,  a  green  chromium  salt  was  pro- 
duced, and  the  chromate  precipitate  was  practically  unobser\'able. 
He  did  not  know  whether  any  of  the  members  had  observed  the 
same  thing,  but  it  had  been  an  insuperable  difficulty  with  him 
in  applying  the  test  in  presence  of  organic  matter.  Whilst 
speaking  of  the  chromate  test,  he  would  mention  that  he  had 
adopted  the  method  of  observing  it  under  different  conditions  of 
light  to  those  usually  recommended.  He  believed  the  usual 
method  was  to  place  the  water  in  a  cylinder  or  vessel  of  some 
kind  to  allow  of  settlement  and  decantation.  He  had  found  that 
if  the  test  were  observed  in  an  ordinary  light,  very  frequently  a 
minute  trace  of  lead  escaped  observation ;  but  if  the  light  were 
shed  in  such  a  way  that  an  oblique  beam  fell  through  the  liquid, 
all  other  light  being  excluded,  a  characteristic  opalescence  could 
be  detected.  He  used  a  square  box  sufficiently  large  to  contain 
a  good  sized  flask,  and  so  constructed  that  the  light  came  only 
through  an  aperture  in  the  upper  part.  By  adopting  this  method, 
he  was  able  to  detect  exceedingly  minute  quantities  of  lead  in 
waters,  quantities  which,  without  these  precautions,  the  method 
utterly  failed  to  give  any  indication  of.  He  had  been  worrying 
over  this  matter  for  a  very  long  time,  and  had  tried  the  experi- 
ment in  presence  of  copper  and  other  metals.  In  addition  to  the 
two  or  three  metals  mentioned  by  Dr.  Teed,  tin  was  occasionally 
present  in  artificial  mineral  waters ;  and  he  had  also  found  traces 
of  antimony.  He  believed  the  President  could  bear  him  out  so 
far  as  the  tin  was  concerned. 

Dr.  Teed,  in  reply,  said  that  he  was  obliged,  in  testing  lemon- 
ades, to  abandon  the  chromate  test  for  reasons  similar  to  those 
mentioned  by  Mr.  Budden.  He  would  like  to  know  whether 
Mr.  Blount  or  any  other  member  had  personal  experience  with 
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the  chromatc  lest  in  presence  of  tartaric  acicl  or  othrr  •>r::i-:A 
nmtlcrs.    such    as   cKx^urretl    in   commercial    lem«>na«lr*       W::* 
re>;ar(l  to  the  presence'  of   tin  ami   antiiti^mv.    the\     ut»ul.l  •>< 
interfere  with  the  test  for  lead,  it  liein>(  |H*rti»niirtl  in  jn  alki.  -ar 
s<»luli(>n  with  ammonium  sulful  a>  the  prectpitanl. 


Tin:  SKPARATION  OF  UIMK  AND  MAcVNIlSIA   Fk*  ^V 

ZINC  AS  I'HOSIMIATKS 

Wishinj;  to  find  a  method  of  Mrparatinj;  lime  ami  inai:*>r-*.-j 
from  7inc  that  di<l  not  neix'ssitate  the  um:  c»t  the  \'rr%  tn»aM<^"or 
*iulfid  of  /inc.  it  cKx*urretl  t«»  me  that,  an  ph<M|»hatr  oi  ri?x  m^% 
very  s4»IuMe  in  ammonia  ami  pln>sphate^  o|  lime  am!  mji4;?*r«»ia 
were  iusiihible.  jM>s>il»ly  a  methtMl  onihl  tie  IumhI  «>n  thi%  rTi*t-»« 
My  first  ex|>erimenlH.  with  ver\  small  «juantitir%  •»{  litar  it»4 
ma>;ne>ia.  were  s;itisfactory  :  hut  later,  when  I  tnct!  to  ^njiritr 
/inr  fnun  larj^er  (luantities.  the  reMilt^  were  low  kt>**m*.ni^  !i*: 
the  pris<MUx*  of  ammf>niuni  chlorid  iiicteasc^  the  ^su^!*!:*  < 
/inr  v;ilts  I  next  Irietl  adding;  simie  li»  the  *-khili«»n  w.th  - .  frf 
salisfartorv  renults.  It  ap|>eare<l  pro! »a Me  that  manjjanr-^r  .•  'i«i 
Ik*  Mpiirated  fmni  /nu-  h\  the  x.inie  rearti«m  hut  thts  v*'  ^r*.  «  « 
l«»  Ik-  the  t  aM*.  Ihh\iiis<'  it  is  ntH.x-s»%,ir\  to  heat  the  prr%  -;  ta*. 
phosph.itr  of   nianvjaiifsi-   utitd    »t   if%  stalli/es   in   i.rvtrr    !  -: 

pUtiK   prettpitale  the  nianvjatUM*    .ind   it   thr   '*«»Iutu»^'.   :^  hci'i'i 
M»nu-  /in<    ptriipit.ite'* 

AttvT  making  a  nuiulHr  «»!  e\|Hrinients  t«»  tifu!  the  :  **  r«r- 
aitiountN  ot  aintuitina  atitl  amniotuutn  *  hloml  !•  \i^<  I  f.-.i  ■ 
.id«»plr»!    till-    t«»!I*»\\jn,^    iin*th«Hi    wliuh    h.is   •1*^:1    iir.r;  .rm' .    %. 

hn'ff    u!,i    S. ',':./:."!        \|.ikf  a  s*iluti«»n  o!    i»»»ijni%     itn*'^  •"    ,- n 
i!i!«»ii»!    :!i    7  •'   »t      .►!   •»?!i»:iv;    annn«»ina   jiu*\  »ltlutc   !*•  ^-rHi 

\tiil\    tuiitri'.:**  tl:t    *»■!•!  s*  .'.ut:"!!  *  »»!i!anu:ifc;  !v!ic     r..»^-"»'-   . 
.i:i»l  /!!»»      v\:t!i    i::i:n'»n:  I  aii'l    i»M  ri!t\   i\     a!:i!ii«»!'.!i   ^.!v!!  - 
■  •!u   *\     ol    .1  tt  !i  JK  r  «  tMi!     N«  .I«.it:..:i  o!    N^ilt  ••!  ph»»^ph»»r*.:*  !    •  * 

th<    :'Tit  ipU.itr  !"  •*- tr'«      !.!•.«'    !!!•!    uj'^h    :V.r\n-    time*    »!'  r 

II      **  >  ammonia       lh^-'!\i   .1:  li\  »lr««^  h!»'r:v  a*.:tt    ad^l  a  l:t*jc  *a.  t 
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of  phosphorus,  precipitate  by  twenty-five  cc.  ammonia  solution, 
let  settle,  filter  and  wash  as  before.  Combine  the  filtrates  and 
washings,  nearly  neutralize  with  nitric  or  sulfuric  acid,  and 
make  slightly  acid  with  acetic  acid,*  heat  to  about  So"*  C.  until 
the  precipitate  crystallizes,  filter  and  wash  well  with  hot  water, 
dry,  ignite,  cool,  and  weigh  as  Zn,P,0,. 

If  mere  traces  of  lime  and  magnesia  are  present  one  precipita- 
tion is  sufficient ;  but  if  more  than  three  or  four  milligrams  are 
present  two  should  be  made.  The  amount  of  ammonia  solution 
used  should  be  in  proportion  to  the  lime  and  magnesia  present. 
With  small  amounts  rather  less  than  the  quantities  given  above 
Mrill  answer,  but  with  larger  quantities  it  is  better  to  use  more 
than  twenty-five  cc.  for  the  second  precipitation. 

Separation  of  Zinc  from  Lime, — I  made  solutions  containing 
the  amounts  of  lime  and  zinc  given  below.  For  Nos.  i  and  2 
I  used  twenty-five  cc.  ammonia  solution  for  each  precipitation  ; 
for  Nos.  3  and  4,  fifty  cc.  for  the  first  and  twenty-five  cc.  for  the 
second ;  and  for  Nos.  5  and  6,  fifty  cc.  for  the  first  and  thirty  cc. 
for  the  second. 


Cms. 

Gms. 

Gms. 

ro. 

I^ime  Taken. 

Zinc  Taken. 

Zinc  Pound. 

Error. 

T 

o.iia 

0.4644 

0.4633 

— O.OOII 

2 

o.iia 

0.2522 

0.2317 

— O.00Q5 

3 

0.324 

0.2322 

0.2339 

•+0.0017 

4 

0.224 

0.1 161 

0.1 150 

—O.OOII 

5 

0.448 

0.1 161 

0.1 140 

—0.00a  I 

6 

0.448 

0.Q580 

0.0566 

— 0.0014 

The  precipitate  of  phosphate  of  lime  is  very  bulky  and  rather 
troublesome  to  wash,  so  that  when  very  large  it  is  apt  to  retain 
some  zinc. 

Separation  of  Zinc  from  Magnesia, — I  tried  a  similar  series 
with  magnesia  instead  of  lime.  For  all  I  used  fifty  cc.  ammonia 
solution  for  the  first  precipitation;  for  Nos.  7,  8,  9,  and  10  I 
used  twenty-five  cc,  and  for  Nos.  11  and  12  I  used  thirty  and 
thirty-five  cc.  for  the  second. 


Gms. 

Gms. 

Gms. 

^0. 

Magnesia  Taken. 

Zinc  Taken. 

Zinc  Found. 

Krror. 

i 

0.1 138 

0.4736 
0.2368 

0.4725 

— O.OOII 

0.1138 

0.2361 

—0.0007 
— 0,0008 

9 

0.2275 

0.2368 

0.2360 

10 

0.2275 

0.1 184 

0.1 184 

0.0000 

II 

0.4553 

0.1 184 

0.1 181 

—0.0003 

12 

0.4553 

0,0592 

0.0585 

—0.0007 

♦  I«arge  amounts  of  NH4C,H,0,  dissolve  some  ZnNH4P04.  but  NH4NOS  and  (NH4)2S04 
do  not.    See  this  Journal,  5,  67. 
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The  separation  from  nia)(tiesia  is  more*  i^mtplrtr  ami  takr^  a 
time  than  the  separation  from  lime. 

SrparaiioPi  of  Zinc  from  Lime  am  J  Maj^mnta  —  Thr  xac?h.«! 
used  was  the  same  but  the  amounts  of  ammonia  ^»luti«*n  \  &-*<^i 
cousiderablv. 


Co  Am 

Cc  Am 

Mil  for 

«ul   fur 

<;mB  time 

«;m»  Mk 

4»m*    /u 

l.tt««    #- 

Ni. 

1*1  |»t>ti 

ititt  ppti 

Takrti 

Taken 

Takrii 

»     wa-t 

M 

i\ 

M 

o  IW 

ou^* 

<*  IWl 

•    !•* 

14 

1% 

1^ 

'1  Mi 

o.^* 

J  /M' 

.   r*  1 

\\ 

<•• 

t** 

•1  111 

«.■  *»\* 

.  IM- 

#-* 

If. 

M» 

*> 

«>  t»A 

**  tl* 

V    f  .t« 

-  I  •■- 

i; 

V 

i\ 

«>  iH 

«■  1 1*. 

t  JIJJ 

i 

n 

^» 

««i 

'»  \V- 

o  1-4 

«>  f'lf 

JM-J 

IW 

V 

is 

..  \|*. 

o  |-« 

«  t\»t 

.     til* 

>  -- 


Increasing  the  ammmts  of  ammonia  solution  ^^\t  licttrr  rr^clt* 
in  each  case.  Precipitates  of  hme  ami  maicnr^ia  ^ttle  !«ttrr 
ami  are  more  easily  washnl  than  lime  a](»nr. 

The  lime  ami  maxncMa   can   lie   sc|>aratetl    hv   the   n>cthii*i 
pr(»|Misctl  hy  Chester*  as  follows*   IHsmiUt  the  mixed  ph^Mphatr^ 
in  hydriK*hloric  acid  and  nearly  neutralize  with  amii»t»nia     U  <I 
and  while  lM>ilin)(  add  Unlink  oxalate  of  ammonia     let  m^!> 
filter,  and  wash  with  hot  water.     Treat  the  oxalate  ca  !:»<    a% 
usual.    C«M»1  the  filtrate  and  precipitate  the  maKne^u  h\  am3»«-a 
One  prei*ipitation    nt    lime    in   Miflicient       The    t««»    !«%j"m  -^ 
M-paratioiiH  were  made  bv  this  niethotl 

i«tfl«    linir       «.ni*    iintr        «.Ri*    \Ib         «.fn«    \lf  t.aHi    /  ■>  n*    t* 

\ii  lakrn  I  <hiiii1  t«krn  I  •■•ft<t  !•%»«  »    wkim* 

This  nietlKMl  is  not  uell  atlaptetl  to  ^larjtmi:  \rr\  «su'I 
aiiiciuiitH  cii  /inc  fmni  lar^e  amounts  of  lime  and  inacne^^i  «3 
such  a  case  U  Hoiild  pn»l»ab1\  W  l«est  ti*  pre\  ipitate  the  r-^  ** 
fitilftd.  divatit  off  the  clear  sohition  through  a  h!ter  dx%«^\T  !Sr 
precipitate,  and  sc*p.irate  as  phosphates  Where  the  k-i^  ••  t 
vefsttl.  and  there  i^  a  verv  small  amount  t»t  hme  ••?  r-.^^^r^.a 
with  much  rinc  the  phosphate  niethmi  works  y^xV.  \  ^^^  a 
sin){le  precipil.iti«>ti  with  t\M-iit\  fiM-  ir  o|  ammonia  *•'.•«? 
>:ave 

\».  ■•t«T«kr-  '  ■■     ',   »^f  f   ■    \     •    t  *  »■-.. 

•  •     I  line  •  ■  »  ;    *.  -    dte-. 

Magtirvia  •  .  .«  • 

*  %m   LbcM     i*-«     y    g*. 


CONCERNING  THE  CONSTANT  TO  BE  USED  IN 
CLERGET'S  INVERSION  PROCESS. 

From  the  Laboratory  of  Brbyer  and  ScHWBrTZBR,  159  Front  St..  N.  Y.  City.] 

The  attempt  made  by  Professor  B.  B.  Ross  in  the  August 
number  of  this  journal  to  refute  our  criticisms  of  the  action  of 
the  Official  Agricultural  Chemists,  who  changed  the  constant  to 
be  used  for  calculating  the  results  of  Clerget  s  process  of  inver- 
sion, only  proves  how  well  founded  our  objections  were. 

The  arguments  raised  by  Professor  Ross  in  defense  of  the 
change  as  adopted  by  the  Association  of  Official  Agricultural 
Chemists  are  the  following : 

I.  **  The  reporter.  Dr.  Stubbs,  did  not  intend,  so  I  understand, 
that  tlje  time  of  heating  in  inversion  should  remain  at  ten  min- 
utes as  in  the  original  Clerget  method,  but  that  the  time  em- 
ployed should  be  fifteen  minutes,  as  in  the  method  published  in 
the  proceedings  of  1889,  and  as  in  the  elective  method  given  in 
the  proceedings  of  1890,  the  omission  of  the  correction  as  to 
time  of  heating  being  merely  through  inadvertence.'* 

In  answer  to  this  we  cite  the  directions  given  in  Bulletin  No. 
J^»  page  233,  for  the  execution  of  the  modified  Clerget  method 
against  which  our  criticisms  were  directed :  *  *  Place  in  hot  water 
and  heat  quickly  to  6^C,,  keep  this  temperature  for  exactly  ten 
minutes :  remove,  cool  quickly  to  room  temperature,  and  polarize, 
noting  the  temperature."  From  this  peremptory  direction  it 
appears  that  Dr.  Stubbs  could  not  possibly  have  intended  a 
heating  for  fifteen  minutes  at  a  temperature  of  68°  to  75°  C,  as 
Professor  Ross  wishes  us  to  believe,  but  that  he  repeated  the 
directions  of  the  original  Clerget  method,  which,  for  the  better 
information  of  the  reader,  we  quote  from  Annates  de  Chimie  et 
de  Physique,  [3],  26,  201 : 

**  La  liqueur  d^fdqu^e,  filtr^e  et  rendue  incolore,  apr^s  avoir  dt6 
soumise  a  une  premiere  observation,  dont  il  est  pris  note,  est 
introduite  dans  un  matras,  dont  le  col  est  marqud  de  deux  traits 
de  jauge  indiquant  Tun  une  capacity  de  50  cubique  centimetres 
et  Tautre  un  volume  de  55  cubique  centimetres,  de  telle  sorte  que 
rintervalle  qui'existe  entre  les  deux  traits  soit  6gal  au  dixi^me 
i  de  la  capacity  la  plus  grande.     On  verse  la  liqueur  seulement 
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jus<|u';\  la  hauteur  du  prirtiiicr  trail  ct    I'on  \    ajotitr  *u^,u  x'z 
niveau  du  se(x>ml  trait  de  Tacide  chlorlndritjuc  pur  ct   turr.A-! 
On  aj^jitc  fKuir  <jue  Ic  niclan>;c  S4>ii  ct>ni|>lct  i-t  I  «>n  j»Ij*\*  Ir  rru!-!* 
dans  un  hain-marie  aprcs  y  avciir  plonjijc  un  thcrnmnu  irr     i.j  tr  •- 
|)eraturc  est  portec  au  nioycn  d'une  lani|>c  a  a!i«'h<'l  :u^,;:  J  -•  '  * 
en  replant  la  flaninie  de  niani^re  ;\  <x*  <|Ue  !a  ilure\-  dr  tt.juSjc*' 
s<)it  de  dix  minutes  environ,  cm  retire  en*»uite  Ir  niJtra%   !•.:  *  i-- 
njarie  et  Ton  dejM»se  dans  un  sec*<>n<l  vaM.-  rrinpli  d  lau  :r»  '.»lc 

We  see  that  Cleryjel  reo>nunend^  a  temjH-ralurr  «•!  '  ^  v'  '  r 
aUiut  ten  niinuleN.  as  he  was  well  aware  o<  the  lavt  thj;  a  i  -^  rr 
tenifH-ruture  than  70  C  y;reatly  aflet*t*»  the  reMill  «»•  ihc  d*!?---- 
nation.  while  heating;  for  a  minute  more  or  li-^^^  ha*  r:«*  r-iatf  •»! 
inflner.ce  nn  the  rcMilt.  The  o>mYtnc**H  «»t  thi*  «*^»*cr'.  it>  n 
h:!s  In-en  \eritied  hv  Landolt.  TolU-n'*.  Hrr/tcM  Jin-l  !>-<-*• 
pupiN.      (  Danimueller.   /tit\ihftftfuf  Ju  A'k*  **  w -h«i.  r**.* 

ProUsM»r  Rosn'  referenre  to  the  methml  k*^*"  *^^  ^^^^  ^  cl^^t  -^ 
«>f  iss*/    and  is*/«»    mi^ht  lead    the   reader    to    mkr    thj!    -    r  ^r 
hulletin  of    iH»/i  onl\  slij»ht  errors  weie  cotstainnl    wh-vl-  '*•  ^  .• 
ea**ily   l>e   rorreete<l   h\    l«K»kin>;   over    tlie    lt»n:ser    pu*  !•.  i*     -* 
That  HUrh  are  not  the  fait**  will  l>e  seen  l»\  the  tol!«min^  v  \\i\    ^~% 

Uttllttnt  So   .».V.   is,^>.  pa^:e  .M  ^  IMate  in  h"t  w  j:«  •  *  i!^    ;-•. 

hrat  <|niikl\   tors    v.'  .  kiip  at   ihi*  tennH-raturr  t«  r    «\i^:      •  t 
nnnnte*« 

lluiititH    .\  •     .'V     is»^».    paj^e**   .M  s   and.    ^.•4.    tlr\t;\r    !r-c*>.' • 

Thv  tl.i»»k    luMtid  tMi  nttitn  iiiinulv'*  at  ♦  ;    t'»  •      C    *:.  1   »  i*.* 
l»ath         //"   ff  fttf^i  t  .i.'t.tt    'h.:,\i  »•.•'#  1   --j  !-^t^  .,**■.' 

/.';».'.'.  .'.•».•    A.'    .*/     i*»**w    pav;i-    i#7         v.*<  tittnt^  arv    :.«j'.»  t 

wall!  lialli  !«»T  t;:titii  njituittH  at  a  It  r;|<  ratiiTi  •  :  '  ^    !     -  .    ^. 

The  Tt  .uU  r  u  \\\  H4  f  w  hat  a  Ui  tiMv  i  «'!i!u'»:'  :i  a«»  t*  •  tl:-.*  :•    *  •  '.  'r 
Naj'.itI  aiiU'ii'^^t  thf  <  >ilu  Ml  Av:Tuuilur  i!  v.'lu  n-.-.'^i*  .  r  ><*"f— .  «' 
i,.     iNs»,   tJj^   .!  itt-  »  !  tin  ir  i!Ufti!ii;    w  lu  :i  hv  n«»t€'»  !^  *t  *.'  <  ■     *   ^r 
(»!!;*  lal  A^tu  u'.tUT.i!  v.*li«  i!r.-t«»    .lil'pttd    th«    \^*\\    -*  •*-:     •  »      r 
*.p:ti-  «•!    the    t.i- t    tl..it    up   t"    Ar.iCU-^t      i'^-'*      l.irvl    ::      T 
Ht-i/ttld    a?5t!  tJu  :?  ;  v.:  -.N  V  u\    \\xy  m\\   \\\^u\>\.\\.  \'\  %    •  t    i   •  *.•. 
Ti  MMiv  lu  •»  I  *'t*.t  1  !  I.-:..     !:.i     •.:.r!r.t  ?J*  1   *•:   1 1«!'.*  t  titrat  •  r      !       <     i    ». 
It  !!!!•*  r.itUTi    up  Ti   !V.«     rr.vi  !v.,.!i    !  .jU:*!        It   ha«l   **xrr    :•-*". 
Hlalitl  h\   the  aU'Xe  iMi-.t:*  r.nl  rt'.ra*  U    lUtlu  Ml.c*  that  1  tir  -,«-: 
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ture  higher  than  70°  C.  causes  invert  sugar  to  be  decomposed  and 
thus  has  a  fatal  effect  on  the  result,  while  a  small  deviation  from 
the  time  prescribed  does  not  materially  alter  the  final  result. 

The  fact  that  such  erroneous  direction  for  the  execution  of  the 
inversion  could  be  given  in  September,  1889,  is  overwhelming 
proof  of  our  charge  of  lack  of  knowledge  of  the  chemical  litera- 
ture. The  same  charge  applies  to  the  authors  of  the  report  on 
methods  of  sugar  analysis  published  by  the  Louisiana  Sugar 
Chemists'  Association.  The  report  refers  to  experiments  exe- 
cuted in  the  summer  of  1889,  as  stated  by  B.  B.  Ross  in  BuUetin 
No.  24,  page  179,  and  read  before  the  Association  of  Official 
Agricultural  Chemists  in  September,  1889.  The  experiments 
were  superfluous  because  similar  ones  had  been  published  at 
least  one  year  before  that  time.  Moreover,  these  experiments 
were  faultily  executed  and  the  conclusions  arrived  at  were 
necessarily  erroneous.  Nothing  is  said  in  those  notes  about  the 
use  of  a  temperature  of  68°  to  75°  C. ;  on  the  contrary,  we  find 
there  the  repeated  statement  that  the  original  Clerget  method 
was  employed,  as  shown  by  the  following  quotations: 

Bulletin  No.  24,  page  180 :  ( i )  "Fifty  cc.  of  this  solution  were 
next  inverted  in  the  manner  prescribed  by  Clerget."  (2)  "A 
similar  solution  was  inverted  as  previously  described." 

Therefore  it  is  evident  that  in  the  experiments  of  the  Louisiana 
Sugar  Chemists'  Association  a  temperature  of  68°  C.  was  em- 
ployed, which  as  shown  before,  was  the  temperature  originally 
used  by  Clerget,  and  Professor  Ross  is  guilty  of  a  misstatement 
by  saying  *'this  process  is  included  in  the  methods  of  analysis 
given  in  the  pamphlet  referred  to  and  provided  that  the  sample 
after  addition  of  the  acid  should  be  heated  in  a  water-bath  at 
68°  to  75°  C.  for  a  period  of  fifteen  minutes." 

However,  Professor  Ross  tries  to  explain  the  low  readings 
obtained  by  stating  now  that  a  temperature  of  68°  to  75°  C.  was 
emplo3^ed  for  inverting  the  sugar  solutions  and  cites  as  authority 
A.  Wohl  {Bcr.  d.  chem ,  Ges.,  1890,  23,  2084).  Professor 
Ross  entirely  overlooks  the  fact  that  this  publication  of  Wohl 
only  incidentally  refers  to  anal3'tical  processes  and  that  it  makes 
no  pretence  of  directly  bearing  upon  our  subject.  The  readings 
obtained   by   Wohl   were   for   solutions   of  high   concentration 
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inverted  by  heating  the  same  to  loo'  C.  during  onehalf  h^nir  in^! 
longer  with  minimum  amounts  of  acid.     The  ci>nditioti>  att  «> 
entirely  different  from  those  prevailing  in  the  pmorv*  u^c^!  ^c 
analytical  puqK)ses.  that  it  is  really  difBcult  to  mtc  h<m  An\*»«!* 
can  try  to  establish  any  connecticm  l>etwcen  the  two  %u>'*rit% 
It  seems  that  Professor  Ross  is  not  act|uainted  with  the  p«i^%.  a 
lion  of  Wohl*  which  dcnrs  Inrar  upon  our  subject  and  mhu  h  rr^crt 
to  an  investigation  into  the  reliability  of  the  in\*cTMi>n  prixT"*!*  ><€ 
analytical  puqK>ses.    Wohl  men! ifies  the  formula  of  I«amS«4t  rx* 
according  to  the  amount  of  sugar  usetl  for  inxxfMon  *»*!  t.t>»K 
for  one-quarter  nonnal  weight  in  loo  cc.  the  ctm^tant  —4^7     *' 
one-eighth  normal  weight  in  loo  cc.  the  crm?4ant  —  4^>  4       V\  *>4ii 
tests  the  correctness  of    Clerget's  ccmstant  in  oonnc\-tH*n   m:tii 
Clerget's  process  of  inversion  and  finds —43. i^M  ««  €»|^iii^t>»iej  t» 
the   —4.*. 4    found    by    rn>fessor   Ron'h  ami  hi*  expert'*       \4  •^iil 
finds  that  by  dissolving  an<l  inverting  the  half   FrrtK  h  m-rtsou 
weight  in  fifty  cc.  the  constant  is  changetl  to  —44  1.  ami  h%  ^^^ 
solvi!ig  and  iijverting  the  (»ennan  half  normal  mrtght   ta  l2^ 
cc.  the  omstant   is  changetl  tt>  — 44  ^.     This  is  in  aix-t-fd-tarr 
with  (fubl>e*s  fonnula  given  for  the  specific  n>lar\  |«mrt  .•''  /«  r»f 
w/^M/  soluticms.  but  it  staiuls  in  op|io%ition  to  the  nrsults  <4<a:'ac4 
by  Professor  Kt>ss  and  his  cxjHrrts.      Asan\!iod\  mij:hl  *ur=:"w 
troin  ('.ubl>e's  classical  treatise*  the  use  of  ihc  (»crman  hal!  "*  € 
mal   weight   instead  <»f    the    French   halt  normal   ^irsicht    »v<i*i 
require   the   employment   of    a  ctMi^tant   higher    than    0?x^t  ♦ 
ttriginal  tmn^tant.   and  not  a  ct»n>tant  lo\%rr    as    %u<ct-<o!    *-» 
rroieNS4»r  Rohh  and  hi«»  expert^ 

l**<»r  practical  anaKtical  pur]M>s<-^  Clerget's  meth^st  <*!  isxT-rv?* 
|H  luarK  e\rluHi\tl\  ii^id  lot  sivon«i  pr^nluvt^  an»i  m%*Ia%*r^  B* 
tliNsoKin^  the  (tintKin  halt  iu>rinal  ueight  oj  ^uvh  Mi*i<i-»-rs 
in  Ui\\  to  htt\  U\v  K\  the  t t»nix-ntr4tion  of  the  suvr^r»c  '.^^u  i  ^ 
more  01  Kn-*  sinnl.ir  to  the  i^»tut*ntration  ft»r  mhich  CV?i:c^  % 
on^mii!  ct»iiM.int  u  a^^tUtennined  Theerr^^r  .iriNing  tu^rr.  1;^  C .  r.^ 
Clei^et  s  it»nHt.i!it  111  i'»!iiuv tion  with  the  I'.ernim  halt  t*^-:*! 
\>eiv:ht  IS  tlnis  .i!ii5«»*»t  »  !i!!U!i.itetl  lor  the  puq»*^rs  ir>rr  •.  ^»oi 
aU»ve 

i$    ^     "  ■ 

'  Itcf    >}    i  bctu    (•*  •      . »         : 
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2.  The  Other  argument  brought  up  by  Professor  Ross  is :  * '  So 
that  the  substitution  of  a  new  constant  for  the  144  of  Clerget  is 
not  a  new  departure,  especially  where  somewhat  different  condi- 
tions obtain.  At  any  rate  it  is  at  least  certain  that  '  all  the 
chemists  in  the  sugar  industr>'*  do  not  use  Clerget' s  original 
formula,  as  Mr.  Breyer  would  have  the  readers  of  your  journal 
infer.*'  We  think  that  Professor  Ross*  attempted  protection  of 
the  readers  of  this  journal  from  such  inferences  is  quite  out  of 
place.  No  one  who  notices  that  we  mention  in  our  first  article 
Landolt*s  figure  142.4,  Creydt's  142,  and  Herzfeld's  142.66  will 
think  us  unaware  that  different  constants  are  used  for  analytical 
determinations  of  that  kind.  We  do  not  consider  the  substitu- 
tion of  a  new  constant  a  new  departure,  when  the  conditions  of 
the  reaction  are  modified.  But  what  we  do  think  a  new  and 
entirely  unjustifiable  proceeding  is  that  Professor  Ross  and  his 
associates  substitute  a  new  constant  in  a  method  recognized  by 
chemists  of  the  highest  standing  and  leave  the  conditions  of  the 
reaction  unchanged,  thus  insinuating  that  the  original  method 
must  give  false  results.  That  this  was  done  by  Professor  Ross  and 
his  associates  appears  clearly  froih  the  literature  quoted,  and  if  Pro- 
fessor Ross  should  entertain  different  views,  we  ask  of  him  to  point 
out  the  literary  facts  which  might  convince  us  to  the  contrary. 

3.  Professor  Ross  says  further:  '*  As  to  the  low  reading  of  the 
normal  sucrose  solution  at  4°  *  *  *  The  results  were  stated  as 
noted  accurately  by  three  observers  of  experience  in  polariscopic 
work  and  were  merely  mentioned  incidentally  along  with  other 
data  secured  and  not  with  the  intention  of  advancing  a  new 
theory  or  opinion  with  regard  to  the  polarization  of  sucrose  solutions 
at  low  temperatures.*'  We  are  sorry  to  see  that  Professor  Ross 
is  not  aware  of  the  importance  of  the  observation  made  by  him- 
self and  three  observers  of  experience  in  polariscopic  work  and 
that  he  mentions  the  low  readings  at  4°  C.  incidentally  only. 
We  beg  to  differ  from  Professor  Ross  also  in  this  point  and  think 
that  these  observations  are  the  most  interesting  made  by  him- 
self and  his  associates  on  account  of  their  being  so  very  opposite 
to  the  results  of  all  the  other  chemists  who  ever  studied  the 
optical  qualities  of  sucrose  solutions.  Professor  Ross  and  the 
three  observers  of  experience  in  polariscopic  work  would  render 
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the  greatefit  sen'ice  to  science  by  a  repetition  €»f  thrir  eipcrs 
ments  and  l)y  explaining  the  Martlinic  phenomenoo  otwcnui  :m 
I^uisiana. 

SKPARATION  OF  IRON  OXID  FROM  ALIMINA   IN 

PHOSPHATIC  ROCKS.  BY  FISION  WITH 

ALKALINK  CARBONATK  • 

In  Xeitsckrift  fur  analytisckf  Ckrmif.  SI*  4.  I  ha  it  ici^re  a 
method  for  the  determination  o(  alumina  in  pho^phatic  ccatrrtAl 
containing  l)Oth  iron  and  alumina.  In  thin  prucr^  U>th  tDrl&N  arr 
precipitated  from  solution  as  phosphates,  and  then  are  ^rpiritr^ 
by  fusion  with  sodium  carlionate.  The  in\-rstifcatton  optKi  v  hx-k 
the  process  was  bascnl  justifieti  the  statement  that  the  <{uaat:tx  ^ 
aluminum  phosphate  present  could  be  found  by  drdoi-tmc  \\ 
the  weight  of  the  phosphates  of  lx>th  Imses  the  feme  oxtd 
together  with  so  much  phosphoric  acid  a<»  would  !ic  re«|tttrT^  h> 
form  with  it  ferric  phosphate.  FePO.. 

In  the  lietter  grades  of  Florida  phosphate^  the  quantity  ^^  \rrm, 
is  liniitetl,  often  not  more  than  0.25  per  cent  of  oxid  Sr^ac 
present,  while  alumina  oixnirs  in  quantities  of  fn>m  f«>ur  to  r-^ht 
jKrr  cent.,  and  sometimes  much  mt»re 

Aluminum  phosphate.  AlPO..  may  W  precipitJtr%!  wTth  .xr 
tainty  by  the  mcthcMl  given  in  the  t>a|ier  already  rrtrrrr^l  v^  Vet 
it  has  not  hrrrtof<»re  iKrrn  ol>M.T\*ed  that  feme  phtMp^atc  »«<gg.* 
to  suffer  a  ]>artial  deixmi|M»sitiop.  StniX*  that  |4|*er  «a%  ^>^ 
lishetl.  I  have  ha4  oivasi«»n  to  examine  a  numltrr  oi  ph««*;  h^tv 
vimples  omtainin^  iron  oxt«l  largelv  in  exixrss  k\X  a«am;nA  i^ 
Ih'Iiiw  I  submit  \\\K  rrsultsof;!  nuinlirr  n(  analxMrs  fur  iX*4rT^^v.«.-e 


.  t.    -      -.1  •••♦■I     *            ,1                .  •■»     *:i*mi         ^     .                  \*\m    %mA      .^^ 
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The  mixed  phosphates  were  obtained  by  repeated  precipitation 
with  ammonium  acetate,  adding  some  sodium  phosphate  to  insure 
excess  of  phosphoric  acid,  with  the  exception  of  Nos.  4  and  5, 
where  the  sodium  phosphate  was  omitted.  This  accounts  for  the 
larger  discrepancy,  as  in  the  absence  of  an  excess  of  phosphoric 
acid  the  tendency  to  form  basic  salts  is  very  pronounced.  But 
even  when  sodium  phosphate  has  been  employed,  as  the  above 
table  shows,  the  weight  of  the  mixed  phosphate  is  less  (on  the 
average  about  0.61  per  cent.,  leaving  out  the  extremes  Nos.  4 
and  5),  than  called  for  by  the  respective  amounts  of  the  oxids 
estimated. 

In  order  to  verify  the  determination  of  ferric  oxid,  this  was 
determined  in  sample  No.  7  by  two  titrations  with  potassium  per- 
manganate, the  results  being  4.56  and  4.52  per  cent,  respectively. 

I  have  as  yet  not  been  able  to  ascertain  the  conditions  under 
which  the  mixed  phosphates  of  aluminum  and  iron  can  be  pre- 
cipitated exactly  as  of  the  formula  MPO,,  and  I  would,  therefore, 
recommend  for  the  present  that  the  aluminum  be  determined  as 
phosphate,  AlPO^,  held  in  solution  by  sodium  carbonate,  after 
separation  of  ferric  oxid. 

To  facilitate  matters  I  will  repeat  the  method  of  separation  in 
detail.  The  hydrochloric  acid  solution  of  a  phosphorite  is  nearly 
neutralized  with  ammonia,  using  methyl  orange  as  an  indicator ; 
ammonium  acetate  is  now  added  until  the  color  changes  com- 
pletely from  red.  to  pale  yellow — it  is  advisable  to  use  a  slight 
excess.  Place  the  beaker  containing  the  mixture  in  a  water  bath 
at  a  temperature  of  not  over  70°  C.  until  complete  separation  of 
the  aluminum  and  iron  phosphates  has  taken  place ;  the  precipi- 
tate is  collected  on  a  filter  and  thoroughly  washed  with  water  of 
not  over  70°  C.  temperature  by  means  of  a. filter  pump.  In  this 
way  precipitation  of  the  lime  salts  is  avoided,  but  as  a  slight 
quantity  is  likely  to  be  retained  mechanically  by  the  phosphates, 
it  is  advisable  to  redissolve  the  precipitate  in  dilute  hydrochloric 
acid,  and  precipitate  again  in  the  manner  above  stated,  first, 
however,  adding  a  little  sodium  phosphate  to  the  solution. 

After  complete  washing  the  mixed  phosphates  are  heated  in  a 
tared  platinum  crucible,  care  being  taken,  however,  that  the 
temperature  does  not  rise  so  high  as  to  cause  fusion  of  the  iron 
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phosphate.     When    incineration   of    the    filter   ha^  ^*trti   o-c 
pleted.  the  mass  is  weighed  and  then  co\'erefl  with  chrtnu^I!^ 
pure  sodium  carl>onate  or  hicar)>onate :  the  mtxturr  i*  fu^c^l  s»^ 
a))out  ten  minutes  over  a  blast  lamp,  allowetl  ti>  cni4  aot!  tbr 
crucible  then  placet!  in  a  Inraker  omtaining  a  little  water—  Mrirr 
moistening  the  fusion  the  lieakeris  heatetl  until  the  matrr  Utl« 
It  will  now  l)e  found  that  the  cake  can  l>e  rero<nrtl  r<i%ilx  tv^i 
the  crucible  and  transferred  to  the   U>iling  water  in  the  !irjkrr 
without  loss;    the  crucible  should   l>e  well  nn%c<l  ami  ^ct  A%^4r 
ft)r  further  treatment   in  case  it  show>  tracn^  i>f  adhcnn^  ?r-Tv 
ox  id.     The  contents  of  the  Inraker  are  lw>ilrtl  until  rvrrv  th-.a^j; 
except  the  oxitl  of  iron  is  dissiilvetl.  then   filtered  ht*C   ar^!  ti* 
residue  carefully  washetl  with  Uiiling  hot  water      The  Irrrv  -^^ 
on  the  filter  and  any  remaining  in  the  iTunblc  i%  n<>m  «i!%^  '.r^d 
in  hydnH*hl<»ric  acitl.  and  n*  prwipilatttl  h\   ammonia     £'tr-T^ 
washiMl.  ignited,   and  weighed  in  the  umuI  manner     ::  tSc  ^c^^ 
(X'ss  has  l)cen  carefully  ouiducted  it  will  Ikt  Irrr  tn»m  ph«»%f  S-rx* 
acid  and  alumina. 

To  the  filtrate  from  the  fusion  >i%huh  ct»ntain%  cxt-r'^th  r-^^ 
except  the  in»n.  hvdr<>i'hlonc  acul  ih  .iddct!  t<»  r\j«r! «  ar*«-n  .!>  %  *i 
and  then  ammonium  aiH'tate.  as  de^ril»et!  licf«»rr  t  »  pf^^*;  'xtc 
alumina  a^alutninum  phosphate 

III  Hpite  «»t  the    little  extra  laU»r    ne\XH'*:l,itetl  t»%    !i.  *  -x' •' •'. 
It  iH  lon^iderabU  shorter    th.in  atix  ot!ur    \t t  pr«'|«-^*i     »  <  ..  " ^^ 
at  tile  ^aiiielinie  veT\  atriir.ite  re«»ult«» 


Tl-NTH    ANNIAL   k  IP<  iRT  o|    TH  i:  C«  »M  \!ITT3  5        V 
lNl>i:XlNr.  CHiMU  \L   LITKKATlkK  • 

The  C«»ininittee  in»te>  with  ^ati^^tav  tion  a  ^jt^^wmii:  a^^^'frv  •  i!  •  «t 
•  •I    the   Rrp**!!**  "11    Cheisuval    n»K!i»»::  iplix    that    hi\r    ^*x"-.    :  •- 
•-i  :Uol  t«»  thr  v.'!:»  •:!:,  il  Si^ti-*?!  «••   thr    Xnirruan    A^'*»m*i!'  -    •  r 
t!u-  A«!\  aiu  e!!U  r:t    •■:    Si  :r!i  \-        T!:e  Nit'.th    Au:;ual    Kr^  '*     ••  *^* 
\M*lr!\    V  imililtMl      iji'jH  .4T1T1,;    Ti««t   «»!i!\     *l\    thr     /^  .*  r  J-  t  ^  / 
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Chemistry,  \h^  Journal  of  the  American  Chemical  Society,  and 
the  Scientific  American, 

The  Committee  congratulates  the  Section  on  the  fact  that  these 
annual  reports  have  in  large  measure  accomplished  one  of  the 
principal  objects  sought,  viz, ,  that  of  directing  attention  to  the 
importance  of  compiling  bibliographies,  catalogues,  and  indexes 
to  the  voluminous  literature  of  chemistry.  While  little  system- 
atic work  has  been  undertaken,  duplication  of  labor  has  been 
prevented  and  independent  efforts  have  accomplished  much; 
how  much  appears  in  the  list  of  bibliographies  forming  the 
appendix  to  this  report.  Chemists  are  more  and  more  perceiving 
the  advantages  of  attaching  carefully  prepared  bibliographies  to 
their  monographs.  Recently  this  plan  has  been  pursued  in  the 
important  Bulletins  of  the  Chemical  Division  of  the  United 
States  Department  of  Agriculture.  Thus  a  collection  of  special 
bibliographies  is  gradually  forming,  destined  to  be  of  inestimable 
value  to  the  chemist.  The  committee  expresses  the  hope  that 
this  collection  will  grow  in  the  future  much  faster  than  in  the 
past,  and  suggests  that  members  of  the  Section  of  Chemistry 
seriously  consider  in  what  way  they  can  individually  contribute 
to  the  cause. 

During  the  current  year  the  following  indexes  have  been  pub- 
lished : 

1.  A  Bibliography  of  the  Electrolytic  Assay  of  Copper.  By  Stuart  Croasdale.  lu  J. 
Annal.  Appl.  Cheni.,  5,  153  and  184  (Mar.  and  Apr.,  1891). 

2.  An  Index  to  the  Literature  on  the  Estimation  of  Nitrogen  by  Kjeldahl's  Method  and 
its  modifications.  By  Lyman  F.  Kcbler.  In  J.  Anal.  Appl.  Chem.,  5,  260  (May.  1891). 
(Contains  numerous  errors,  see  p.  540-] 

.3.  An  Index  to  the  Literature  on  the  Estimation  of  Nitrogen  by  all  other  Methods.  By 
Lyman  F.  Kebler.  In  J.  Anal.  Appl.  Chem.,  5,  264  (May.  1891).  [Contains  numerous 
errors,  see  p.  540.] 

4.  Index  to  the  Literature  of  the  Tannins.  By  Professor  Henry  Trimble,  Ph.M.,  of 
Philadelphia.  This  forms  an  appendix  to  "  The  Tannins  :  a  Monograph  on  their  History, 
Preparation,  Properties,  Methods  of  Estimation,  and  Uses  of  the  Vegetable  Astringents." 
by  the  author  named.  Philadelphia, n892.  Vol.  i,  168  pp.,  i2mo.  The  Index  occupies  pp. 
101-165.  and  the  titles  are  arranged  chronologically  with  an  alphabetical  index  of  authors. 
The  whole  is  admirably  printed  and  obviously  exhaustive. 

5.  Index  to  the  Literature  of  Angelic  and  Tiglic  Acids  from  1842-91.  By  Henry  P. 
Talbot.  Ph.D.  Technology  Quarterly.  5,  Nos.  i  and  2  (Massachusetts  Institute  of 
Technology,  Boston).    Contains  an  historical  summary,  and  author  and  subject  indexes. 

6.  Bibliography  of  Analytical  and  Applied  Chenii.stry  for  the  year  1891.  By  H.  Car- 
rington  Bolton.    J.  Anal.  Appl.  Chem.,  6,  61,  1892. 

We  chronicle  also  the  following  contributions  to  chemical 
bibliography : 
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7.  pTofe«iior  TiMMnfts  B.  MUlmaa.  la  M«  paper*  om  Amkmtml  Mart**  aM^  « 
Oil*  UMd  in  Lobricatioa."  ha*  paid  r*pccial  attcaCkoa  lo  tli«  b«bl»u«ripk«  •<  %hm  •mfinm^ 
Kroaplng  under  each  divinloa  ol  M*  e**a]r  OMay  ttitftaci*  to  ^rrtafc-aS  avd  «cw-  la 
eratare     J.  Anal.  Appl  Chrm  .  s*  April.  Jnar.  aad  ItceemWr   t%»i 

M.  A  ll*t  of  chemical  »ynaaym«  i*  Coand  in  page*  ^Am-^s  mt  the  ^yyiit  «■  T\m 
Hclentlfic  American  Cyclopedia  of  KeceipU.  Xole«  aad  ^jnerW*  y^Hid  *w«  %:^«•^  % 
Hopkin*.     New  York,  t*^^     •tvo     III. 

«.  Pnif.  Hamuel  P.  Aadtler  •  "  Haadhouk  of  ladnatrlat  <»rvaaar  Chr«M«tf^  rk< 
phia.  ifi^i.  pp.  xiv-5tv.  toy  «vo  III  )  coaUla*  hibHocraphfte*  at  the  €%mm  «f  «^  l 
ier  emhracinK  the  followins  topic* 

I    Petroleum  and  Mineral  iNl  ladaatry 

t    Indnatryof  the  Fat*  and  FaUy  laU 

\.  Indufttry  of  the  K**etttuil  (Ml*  aad  lle««n« 

4  The  Cane  and  Sugar  lodnMr% 

5  The  laduktrie*  of  Htarrh  and  It*  Alletatina  Prvidart* 
t*    Fermentation  loduMrir*  (Maltlns    Mrrvrtac  Wtae*  ^«Mru«   V\«rc««    r'am 

Bread) 

•    Milk  InduMrie* 

*>    VrgHable  Tevtile  Fiber*  and  thHr  |adn*trw« 

<4   Textile  Fiber*  (if  .%nimal  «»ncin 
i'»    l.rather.  i;t«e  andt^rUttn 
It     I»r«trai-tlvr  IMallllatMai  |ttdu*trte% 
It    ArtiArialC«>lonaK  Maltet* 
f.    N'alaral  iHr  I'cUor* 
II    fllraching.  l>%Hng   and  Textile  Pnallag 

The  tiililiiiffraphte*  arr  ihrtimilagualU  a*rao(r4  ^mm  !■*»  t«**« 

rn)fcs?*i>r  S.  F.  Pci^kham  rtfjortH  HulMtantial  pn^icnrii*  ««  ia% 
Hi)>lioKraphy  of  Ritumrii:  Profc^*«(>r  Arthur  M  Ci»nir\  ««  Si» 
DtctHmary  of  SoluhiliticH :  ami  I>r.  Alfrrtl  Tiu'krrmAn  ^^i  5i?% 
Hihlio^raphy  i^f  Miiii-ral  Watcrn.  I>r  Ann^M  KtUvart  -<  \rm 
Y«irk.  has  o»ni|>lcUMl  the  niaiiiiM*rt|>t  of  an  Imir\  Ti»  The  l.itc-i 
tttrc  of  StcriMK*hi*iiiistr\  :  this  will  apfirar  as  an  a|v|«rtv!i\  r-  ^ 
rt-vicw  of  the  suhjitt  in  the  .tmrfuam  i'krmuj!  /.••r«^.  ^ 
wliole  will  also  lie  i>sue4l  imle]icntteiitl\  .  Pn>l  Cha«  K  \ls:.iv 
annonnrcH  Tart  II  of  hi^  Index  to  the  Uteraturr  ««e  F.\;v« 
to  U- piil'liHlKiJ  shorth  I>r  H  C  Ii4»Ilt»n'.  Sclr\-t  HjK^x? 
ot  ChctiiiHtix  ha-^  tieen  acivpttnl  t»\  the  Smith^niian  Iak< 
till  It"*  Mi^  r!laiu«»ii"*  Collectit>n%  aiul  is  in  the  haml%  ««C  j^ir! 

I!     C  \ICICIN«;T^iN    H«»l.n»\     cA^tratj* 

I'    \V    Ci  viikK 
Ai  HI  «  r   k    l.vk !»'» 

.\  I  I   Ms   A     Jt   1  II  N 
*    ■!«  S     \\       I.  \N*.|  »  \ 
\-  M>  fc  y   H     I'm  s^«»TT 

Am  ki  i«  T\  wki.ky  VN 
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APPENDIX   TO  TENTH   ANNUAL   REPORT  OF   COMMITTEE   ON 

INDEXING   CHEMICAL   LITERATURE. 

LIST  OP  INDEXES  TO  CHEMICAL  LITERATURE. 

AMfrrviations  of  Titles  of  Chemical  Journals.  By  H.  Carrington  Bolton  (and  others). 
J.  Anal.  Cheip.,2,  pt.  i.    Jan.,  1888. 

Amalgams;  Index  to  the  Literature  of.  By  William  L.  Dudley,  in  his  Vice-Presidential 
Address  to  the  American  Association  for  the  Advancement  of  Science,  at 
Toronto.    Proceedings  A.  A.  A.  S.  for  1889,  pp.  161-171,  1890.    8vo. 

Ammonia  from  Atmospheric  Nitrogen,  An  Index  of  Researches  upon  the  Production  of. 
.  By   Ezra  J.  Ware.    Published  in  Proceedings  Michigan  State  Pharma- 
ceutical Association.  1888.    H.  J.  Brown,  Secretary,  Ann  Arbor,  Mibh. 

Analytical  Chemistry,  Bibliography  of,  for  the  year  1886.    By  H.  Carriugton  Bolton.    J. 
Anal.  Chem.,  i,  pt.  3.    July,  1887. 
The  same  for  1887.    Idem.^  2,  pt.  i.    Jan.,  1888. 
The  same  for  1888.    Idem.,  3,  pt.  4.    Oct..  1889. 
The  same  for  1889.    Idem.,  4,  pt.  i.    Jan.,  1890. 
The  same  for  1890.    Idem.,  5,  No.  3.    March,  1891. 

Analytical  and  Applied  Oiemistry,  Bibliography  of,  for  the  year  1891,  By  H.  Carringfton 
Bolton.    J.  Anal.  Appl.  Chera.,  6,  61,  1893. 

Angelic  and  Tiglic  Acids,  Index  to  the  Literature  of.  By  Henry  P.  Talbot.  Technology 
Quarterly,  Boston.  5,  Nos.  i  and  2,  1892. 

Beeswax-  and  Waxes  used  in  adulterating  Beeswax,  Bibliography  of.  By  Harvey  W. 
Wiley  [Editor].  Popds  and  Food  Adulterants.  Part  VI.  Bulletin  No.  13. 
Division  of  Chemistry,  U.  S.  Department  of  Agriculture,  Washington,  1892. 
8vo,  pp.  886-871. 

Btttines  and  their  Halogen  Addition  Products,  Index  to  the  Literature  of  the,  1863-1888. 
By  Arthur  A.  Noyes.  Technology  Quarterly,  Boston,  December,  1888. 
Published  at  the  Massachusetts  Institute  of  Technology. 

Butter,  Bibliography  of.  By  Elwyn  Waller.  In  Second  Annual  Report  of  the  New  York 
State  Dairy  Commissioner,  1886. 

Chemistry,  A  Bibliography  of.  for  the  year  1883,  by  H.  Carrington  Bolton.    In  ''An  Ac- 
count of  the  Progress  of  Chemistry  in  the  Year  1883."  Smithsonian  Report 
for  1883.    Washington,  1884.    8vo. 
The  same  for  1884.  1885,  1886,  in  Smithsonian  Reports  for  said  years. 

Chemistry,  A  Bibliography  of,  for  the  year  1887.  By  H.  Carrington  Bolton.  Washington, 
1888.    Smithsonian  Miscellaneous  Collections,  No.  665,  13  pp.,  8vo. 

Cotnmbium,  Index  to  the  Literature  of.    1801-1887.    By  Frank  W.  Traphagen.    Smith- 
sonian Mi.scellaneous  Collections,  No.  663.  Washington,  1888.  Pp.iv-27,  8vo. 
Copper,  Electrolytic  As.say,  Bibliography  of.   By  Stuart  Croasdale.  J.  Anal.  Appl.  Chera.. 

5»  133  and  184.    1891. 
EUctrolysis,  Index  to  the  Literature  of.     1784-1880.    By  W.  Walter  Webb.    Annals  of  New 
York  Academy  of  Sciences,  2,  No.  10.     1882.     Pp.  44,  8vo. 

N.  B.  This  has  been  translated  into  French  by  Donato  Tommasi,  Paris, 
1889. 
Explosives,  Index  to  the  Literature  of.    Part  i.    By  Charles  E.  Munro.  Baltimore,  1886. 

Pp.  42.  8vo.    Part  II.  in  press  (1892). 
Food  Adulteration  and  its  Detection,  Bibliography  of.    By  Jesse  P.  Battershall.    In  "  Food 

Adulteration  and  its  Detection."  New  York,  1887.  8vo. 
Gfometrical  Isomerism,  A  Bibliography  of.  Accompanjring  an  Address  on  this  subject  to 
the  Chemical  Section  of  the  American  Association  for  the  Advancement 
of  Science,  at  Indianapolis,  August,  1890.  By  Robert  B.  Warder.  Pro- 
ceedings A.  A.  A.  S.,  Vol.  XXXIX,  vSalem,  1890.  8vo. 
^fal.  Dictionary  of  the  action  of  heat  upon  certain  metallic  salts,  including  an  Index  to 
the  principal  literature  upon  the  subject.  Compiled  and  arranged  by 
J.  W.  Baird.    Contributed  by  A.  B.  Prescott,  New  York,  1884.    Pp.  70.  8vo. 
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History  of  Chemistry,  Outlines  of  a  Bibliography  of  the.    By  H.  Carrington  Bolton.    Ann. 

Lye.  Nat.  Hist.    Vol.  X,  pp.  35>-36i    New  York.  1873. 
Honey^  Bibliography  of.    By  Harvey  W.  Wiley  (Editor).    Food  and  Pood  Adulterants. 

Part  VI.    Bulletin  No.   13.     Division  of  Chemistry,  U.  S.  Department  of 

Agriculture,  Washington,  1892.    8\'o.,  pp.  871-874. 
Iridium,  Bibliography  of  the  Metal,  by  Nelson  W.  Perry  in  Prof.  W.  L.  Dudley's  paper 

on  Iridium,  published  in  Mineral  Resources  of  the  United  States,  calendar 

years  1883  and  1884.    Washington,  1885.    8vo. 
Light,  Chemical  Influence  of.  A  Bibliography  of.    Alfred  Tuckerman.    Smithsonian 

Miscellaneous  Collections.  No.  785.  Washington.  1891.    Pp.  22,  8vo. 
Manganfse,  Index  to  the  Literature  of.     1596-1874.    By  H.  Carrington  Bolton,  Annals  of 

the  Lyceum  of  Natural  History,  New  York.    Vol.  XL  November.  1S75. 
•  Pp.  44.  8vo. 

^filk,  Bibliography  of.    By  Edward  W.  Martin.    In  Second  Annual  Report  of  the  N.  Y. 

State  Dairy  Commissioner.     1886. 
Nitrogen,  Estimation  of,  by  Kjeldahl's  method.    Index  to  the  Literature.     By  Lyman  P. 

Kebler.    J.  Anal.  Appl.  Chem.,  5,  260,  1891. 
Nitrogen,  Fixation  of  Atmospheric.     For  bibliographical  data  sec  Historical  Summary 

on  this  subject  by  A.  A.  Breneman  in  J.  Am.  Chem.  Soc.,  XI,  iJ^. 
Ozone,  Index  to  the  Literature  of.     1875-1879.    By  Albert  R.  Leeds.    Annals  of  the  New 

York  Academy  of  Sciences.    Vol.  I.  No.  12,  1880.  pp.  3a.  8vo. 
Ozone,   Index   to  the  Literature  of.  1879-1883 ;  accompanied  by   an   Historical.  Critical 

Resume  of  the  Progress  of   Discovery  since  1879.     By  Albert  R.  Leeds. 

Annals  N.  Y.  Academy  of  Sciences,  Vol.  III.  p.  137.     1884,  pp.  16.  8vo. 
Periodicals,  A  Catalogue  of  Chemical.     By  H.  Carrington  Bolton.    Annals  N.  Y.  Acad. 

Sci.    Vol.  Ill,  pp.  159-216.    New  York,  1885,  8vo.    Also,  Chem.  News  Print, 

London,  1886.  i2mo. 

Supplement  to  the  same.  Ann.  N.  Y.  Acad.  Sci..  Vol.  IV.  Feb.  i887,4pp..8vo. 
lYriodicals,  Short  Titles  of,  current  in  1887.      By  H.  Carrington  Bolton.    J.  Anal.  Chem., 

Vol.  I,  part  I,  1887,  4  pp.,8vo. 
Peroxid  of  Hydrogen,  Index  to  the  Literature  of,    1818-1878.    By  Albert  R.  Leeds.    Aniiala 

of  the  New  York  Academy  of  Sciences,  Vol.  I,  No.  13,  1880.  pp.  11.  8vo. 
Feroxid  of  Hydrogen,  Index  to  the  Literature  of.     1879-1883.    By  Albert  R.  Leeds.    Annals 

of  New  York  Academy  of  Sciences,  Vol.  Ill,  p.  153.  1884,  pp.  3,  8^'o. 
Petroleum,  A  Bibliography  of.     By  Prof.  S.  F.  Peckham.   Report  on  the  Production,  Tech- 
nology, and  Uses  of  Petroleum  and  its  Products.    Report  of  the  Census 

of  the  United  SUtes.     Vol.  X,  1S84,  4to.  pp.  281-301. 
Ptomaines,  A  Bibliography  of.    Accompanies  Victor  C.  Vaughan's  Ptomaines  and  Lcuco- 

maines.    Philadelphia,  1888,  pp.  296-314,  8vo. 
speed  of  Chemical  Reactions,  Literature  of.    By  Robert  B.  Warder.     Proc.  A.  A.  A.  S.    Vol. 

XXXII.  18S3,  pp.  3,  Svo. 
Speci/ic  Gravity  of  Solids  and  Liquids,  A  Table  of.    The  Constants  of  Nature.  Part  I  (new 

edition,  revised  and  enlarged).     By  Prank  Wigglesworth  Clarke.     Wash- 
ington. 1888.    Smithsonian  Miscellaneous  Collections,  No.  659,  pp.  xi-409. 

Svo. 
Spectroscope,  Index  to  the  Literature  of.    By  Alfred  Tuckerman.     Smithsonian   Miscel- 
laneous Collections,  No.  658.     Washington,  1888,  pp.  x-423.  8vo. 
Starch-Sugar.  Bibliography  of.    By  PMw.  J.  Hallock.     Appendix  E  to  Rei>ort  on  Glucose 

prepared  by  the  National  Academy  of  Sciences,  in  response  to  a  request 

made  hy  the  Commissioner  of  Internal  Revenue.     U.  S.  Internal  Revenue. 

Washington.  D.  C.  1884,  pp.  44,  8vo. 
Tannins,  Index  to  the  Literature  of.     By  Henry  Trimble.     The  Tannins.     Philadelphia. 

1892.     Vol.  I,  Appendix. 
7'ea,  Coffee,  and  Ct>coa  Preparations,  Bibliography  of  the  Literature  on.     By  Guilford  L. 

Spencer.     Food  and  Food  Adulterants.     Part  VII.  Appendix  A.     Bulletin 

No.  13.  Division  of  Chemi.stry,  U.  S.  Department  of  Agriculture.     Wash- 
ington, 1892.    Svo.  pp.  991-1009. 
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• 

TTurmodynamtcs,  Index  to  the  Literature  of.  By  Alfred  Tuckerman.  Smithsonian  Mis- 
cellaneous Collections,  No.  741.    Washington,  1890,  pp.  vi-329,  8vo. 

Titanium^  Index  to  the  Literature  of.  1783-1876.  By  Kdw.  J.  Hallock.  Annals  of  the 
New  York  Academy  of  Sciences.    Vol.  I,  Nos.  2  and  3.  1877,  pp.  23,  8vo. 

Uranium,  Index  to  the  Literature  of.  By  H.  Carrington  Bolton.  Annals  of  the  New 
York  Lyceum  of  Natural  History,  Vol.  IX,  February,  1870.    15  pp.,  8vo. 

Uranium,  an  Index  to  the  Literature  of.  1789-1885.  By  H.  Carringrton  Bolton.  Smith- 
sonian Report  for  1885.    Washington,  1885,  pp.  36,  8vo. 

Vanadium,  Index  to  the  Literature  of.  By  G.  Jewett  Rockwell.  Annals  of  the  New  York 
Academy  of  Sciences,  Vol.  I.  No.  5,  1877,  pp.  32,  8vo. 

INDEX  TO  AUTHORS. 

Baird,  J.  W.,  see  Heat 

Battbrshall,  J.  P.,  see  Food  Adulteration. 

Bolton,  H.  C,  sm  Abbreviations  of  Titles  of  Journals  ;  also,  Analytical  Chemistry,  Bib- 
liography of,  1886-90;  Analytical  and  Applied  Chemistry,  1891 ;  Chemistry, 
Bibliography  of ,  1883-87,  five  parts;  History  of  Chemistry;  Manganese; 
Periodicals;  Uranium  (two  editions). 

Brenrman.  a.  a.,  see  Nitrogen.  Fixation  of. 

Clarke.  F.  W.,  see  Specific  Gravity  of  Solids  and  Liquids. 

Croasdale,  S..  see  Copper,  Electrolytic  Assay  of. 

Dudley,  W.  L..  see  Amalgams. 

Hallock,  E.  J.,  see  Starch  Sugar ;  also.  Titanium. 

Kebler.  L.  F.,  see  Nitrogen,  Estimation  by  Kjeldahl's  Method. 

Leeds.  A.  R.,  see  Ozone ;  also,  Peroxid  of  Hydrogen. 

Martin.  E.  W..  see  Milk. 

Munroe.  C.  E.,  see  Explosives. 

NoYES,  A.  A.,  see  Butines. 

Peckham,  S.  F..  see  Petroleum. 

Perry,  N.  W.,  see  Iridium. 

RocKiVELL,  G.  J.,  see  Vanadium. 

Spencer.  G.  L.,  see  Tea.  Co£fee,  and  Cocoa. 

Talbot,  H.  P.,  see  Angelic  and  Tiglic  Acids. 

Traphagen,  F.  W.,  see  Columbium. 

Trimble.  H.,  see  Tannins. 

TrrcKBRMAN.  A.,  see  Mght,  Chemical  Influence  of ;  also.  Spectroscope.  Literature  of ; 
Thermodynamics. 

Vaughan,  V.  C,  see  Ptomaines. 

Waller.  Elwyn,  see  Butter. 

Warder.  R.  B.,  see  Geometrical  Isomerism;  also.  Speed  of  Chemical  Reactions. 

Ware,  S.  J.,  see  Ammonia  from  Atmospheric  Nitrogen. 

Webb.  W.  W..  see  Electrolysis. 

Wiley.  H.  W.,  see  Beeswax;  also.  Honey. 


THE  ANALYSIS  OF  THE  BARIUM  GRO.UP.* 

By  B.  C.  Hksse. 

In  a  communication  to  the  St.  Louis  Academy  of  Science,  Dr. 
C.  Liideking  reports  the  results  of  experiments  which  he  has 
performed  to  test  the  accuracy  of  the  present  methods  now  in 

♦  Translated  from  the  Pharmaceutische  Rundschau .  April.  1892. 
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use  for  the  analysis  of  the  Barium  Group.     His  conclusions  are : 

1 .  The  limit  of  the  gypsum  reaction  for  barium  as  chlorid, 
is  one  part  barium  chlorid  to  one  thousand  parts  water. 

2.  For  the  dichromate  reaction  the  limit  is  one  part  chlorid 
to  3 '333  parts  water. 

3.  The  gypsum  reaction  for  barium  is  so  imperfect,  that 
under  certain  conditions,  0.5  per  cent,  of  barium  chlorid  may 
be  overlooked. 

4.  The  dichromate  reaction  is  not  so  much  influenced  by 
calcium  salts. 

5.  The  limit  of  the  gypsum  reaction  for  strontium  as  chlorid 
is  one  part  to  1,666  parts  water. 

6.  Calcium  salts  have  far  more  prejudicial  influence  upon 
the  detection  of  strontium.  Under  certain  conditions  0.9 
cent,  strontium  chlorid  may  be  overlooked. 

7.  A  solution  containing  thirty  per  cent.  SrCl,,  6H,0. 
reacts  like  barium  with  gypsum  solution. 

8.  Strontium  salts  hinder  the  gypsum  reaction  with  barium 
but  have  no  influence  upon  the  dichromate  reaction. 

9.  The  method  which  involves  the  use  of  g>'psum  in  distin- 
guishing between  barium  and  strontium  should  not  be  employed. 
To  replace  this  the  following  method  is  recommended :  The 

carbonate  precipitate  is  dissolved  in  acetic  acid,  and  the  barium 
precipitated  with  dichromate.  In  the  filtrate  strontium  and  cal- 
cium are  precipitated  as  carbonates,  redissolved  in  hydrochloric 
acid,  the  calcium  detected  as  oxalate  and  the  strontium  spec- 
troscopically. 

Since  conclusions  i  and  8  were  drawn  from  hydrochloric  acid 
solutions,  it  seemed  desirable  to  study  the  behavior  of  these 
metals  in  acetic  acid  solution.  For  this  purpose  the  following 
experiments  were  performed. 

/.     Delicacy  of  the   Gypsinn  a7id  Dichromate  Reactions  in 

Acetic  Acid  Solutiofis. — This  was  found  to  be  for  gypsum  one 

part  barium  acetate  to  13,850  parts  water,  and  for  dichromate 

one  part  acetate  to  27,700  parts  water. 

These  results  compare  with  those  obtained  by   Liideking 


as  follows': 


With  grypsum 
With  dichromate 


Barium  chlorid. 
I  :  1.538  water 
I  :  5.12S     " 


Barium  acetate. 
I  :  25.812  water 
I  :  51.624      •* 


Ba  solution. 

Ba  :  Ca 

I  :  28,683 

I  :  673 

I  :  13,900 

I  :  302 

I  :    8.600 

I  :  272 
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2,     Influence  of  Calcium  Salts, — 

CaSO«.  K,Cr,0,. 

«  No  turbidity  in  2  hours. 

No  turbidity  in  80  minutes.      Strongs  turbidity  in  30  seconds. 

Slight  turbidity  in   30  min-    Instantaneous  turbidity  and 
utes.  formation  of  sediment  in  the 

cold. 

i:   5,176  I  :  121       In  II  minutes  a  slightly  tur-    Instantaneous  precipitation. 

bid  liquid  which  gives  no 
precipitate  in  50  minutes. 

The  proportion  between  the  volume  of  the  gypsum  solu- 
tion and  the  solution  to  be  examined  was  i  :  10,  and  even  if 
this  proportion  was  i  :  2,  no  increase  in  delicacy  was  observed 
as  is  the  case  with  strontium. 

J.  Influence  of  Strontium  Salts. — These  salts  do  not  lessen 
the  delicacy  of  the  dichromate  reaction,  but  more  time  must 
elapse  than  when  barium  alone  is  present.  The  g5rpsum  re- 
action was  always  doubtful.  In  a  test  experiment  in  which  the 
solution  contained  one  part  strontium  acetate  to  twenty-seven 
parts  water,  gypsum  solution  gave  a  precipitate  in  the  cold 
after  three  minutes,  while  the  same  solution  gave  with  dichro- 
mate no  reaction  after  forty-eight  hours  and  after  ninety-six 
hours  a  very  insignificant  turbidity. 

4.  Delicacy  of  the  Gypsum  Reaction  with  Strontium, — In 
these  experiments  it  was  clear  that  the  volume  of  gypsum 
solution  used  was  of  importance. 


Gypsum  sol. 

'  Strontium  sol. 

Delicacy  of  the  reaction 

! 

10 

I  :  322 

I 

2 

I  :  5.316 

I 

I 

I  :  8,050 

2 

1 

I  :  8,050 

5.  Influence  of  the  Calcium  Salts  upon  the  Gypsum  Reactioji 
for  Strontium, — This  influence  is  very  considerable,  so  that 
under  certain  conditions  one  part  strontium  in  536  parts  of 
water  may  be  overlooked. 

It  is  evident  from  these  experiments  that  the  method  of  Dr. 
Liideking  is  far  more  delicate  than  his  own  results  indicate. 

A  method  for  the  separation  of  small  amounts  of  strontium 
from  large  amounts  of  calcium  is  still  lacking.  The  author 
hopes  soon  to  communicate  the  results  of  experiments  having 
this  in  view. 


THE  SPKLLING  OF  CHEMICAL  WORDS 

Bv  Ki»WA«n  Ha«t 

Man  is  naturally  a  conscn'ativc  animal  and  doci^  thing^^  ta  t 
certain  way  because  he  is  accustomed  so  to  do  them.  Tbt«  con- 
servatism usually  increases  with  age  until  it  becomes  aIzsmmc 
impossible  to  shake  it  off. 

Chemists,  however,  as  a  class,  have  always  been  ooCrd  tor 
their  progressive  and  lilnrnil  ideas.  New  methods,  if  Rond  *rr 
sure  of  immediate  acceptance  and  use.  In  \-er>'  lew  oi  the  pro- 
fessions have  the  metric  system  and  the  centigrade  «icalc  kMK»l 
such  universal  acceptance;  and  although  a  few  ol  our  Kimlai 
brethren  still  reckon  in  grains  they  are  in  a  small  and  dccrr«:«t^ 
minoritv. 

It  is  not  surprising  then  that  the  proposed  reform  in  the  ^tp^Z 
ing  of  some  chemical  words  should  ha\*e  found  %o  mjin>  wtllt^ 
to  change  the  habits  of  a  lifetime  and  adcypc  new  nietho(i%  Tbmr 
are  still  a  few.  however,  who  ap(>arently  do  not  onder^taiid  the 
reasons  for  the  changes  proposed  and  therefore  heAttftlr  to  mV^ 
them.  For  such,  a  few  wonts  of  explanation  may  noc  he  oat  ^ 
placx'. 

A  list  of  the  more  im()ortant  changes  propowd  and  the  rrA«r«» 
therefor  arc  given  liclow.     This  Ik  wan  vintten  at  m\    rT%^or< 
l>y  Trof.  T.  H.    Norton,  the  Chairman  of  the  Committee       Vr\< 
Ntirton  writcH  as  !«»llow>  oMU-rniing  it 

I  hn\r  j«i*l  rrturnr«l  tu  V.  im  tnnatt  mn*\  ftf»«)  v^Mtr  f««^n<f  mi  4«a4***  -'  •«^'*^ ««  ^•^  > 
th«rrfull\  «t*ni|>S  with  %«>ur  frt{u<^«l  ttn«l  riu  l<«ftc  tH«  »« «K.*«i{a«tt«v«c  >  9t  «4  .\<m  ioi»m 
ttii|M>it4iit  Iralurr*  of  thr  t  hanjcr*  rrn  «f«nm«i>«tr'>t  *•«  v««r  i  «MMiakrtt4r-«  «t%  *>  'Svl  •&*  <•  twH-'^Mto 
«-l  thr  r«  «•*>(»%  l*!ra»c  frrt  «t  liYtcrtv  tt*  «i|cf  •  not  <>ff  attf  a^cvt  ••  «•«■»  Ar«^»  Jki  «•  «.%•«• 
I  ff«l  that  ««  ni«>lr  •  mi*t«Wr  in  n*4  ■piK'n.lini^  to  ••wr  ftmA^  rv}«.-#^  — *■■  •••».%  )•"••*# 
tr«utiii^  <if  rra%«>ti*  %•  it  •(•nil*  if  ha*  ttntticwhal  al  •  *>«t4  A'^-^rs'V  iMkA  4*  *<«» 
h4\r  rfUra^^  f<>un<l  tt\  r  %{•«-•!«  n\  c  •»<)  I  ha«r  *ik.r«i«c  ^^%m*-%^^X  r«f«rv>i*  *  .^nf  mi  t  % 
at  Kixhr^trr  •  \\\  %  •nia"  it-M.'cr  >■(  i  hrntiaCt  h  avr  t«crm  •(«!«  Iw  tw*  •#<9  .  m«hv  •  l%i«  t«i«i 
.■I   fnir  ia«rk. 

\  LIST  OF  Til F  %n»kr   iMitiRTWT  ciiWT.rs  IX  TMK  *rrtr:%.* 

\M»   l»kt»\r\CI  \TI«»\   t»F  V  II  K  VIC  M.  TKKHS    ltrC<»M1lt  VM  :» 

Hv  THK    \      \      \     s  .   WITH   THK   h>:\.M»\>  Tiirart^-t 

.llHrntHum  1^  «»|«€ni*tl  i!i  the  Hh«»rtrneti  form  in  dclrtrocr  V  tW 
w  ishf'*  o!  ttthiiu  .li  I  hi-iniNt^  oti  4%  o»uMt  «>t  the  gn»min|5  lop 
of  the  metal  III  inanulut  tuTr> 
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• 

Cesium  loses  the  a  of  the  diphthong,  as  unnecessary,  while  the 
new  form  is  in  harmony  with  the  French  and  Italian  orthography. 

Columbium  replaces  Niobium  as  a  matter  of  historical  justice. 
It  seems  important  that  the  one  element  discovered  and  named  by 
an  American  chemist  should  retain  its  original  patriotic  appel- 
lation. 

Glucinum  is  preferred  to  Beryllium  on  the  same  ground  of 
historical  priority. 

Sulfur  is  modified  in  accordance  with  the  general  phonetic 
simplification  going  on  in  our  language.  The  new  form  brings 
us  into  accord  with  the  French,  German,  and  Italian  usage. 
The  replacement  of  ph  by  f  is  carried  out  in  all  the  derivatives. 
(It  has  not  been  deemed  advisable  to  yield  at  present  to  the  wish 
of  many  that  a  similar  change  should  be  made  in  the  spelling 
of  phosphorus,  as  the  German  and  French  languages  still  retain 
the  ph.) 

The  termination  -Ic. — This  is  used  for  metals  only  when  there 
is  a  contrast  with  -0U8,  thereby  avoiding  several  non-euphonious 
terms,  and  bringing  us  into  accord  with  the  British  custom. 
Thus  avoid  aluminic,,  zincic,  strontic,  etc. 

The  termination  -ol. — This  is  used  exclusively  for  alcohols, 
and  all  alcohols  receive  the  termination.  This  also  is  in  harmony 
with  British  usage  and  brings  about  a  most  desirable  simplifica- 
tion and  uniformity.     Thus,  glycerol,  quinol,  etc. 

Terminations  in  -Id. — The  final  e  is  dropped  from  all  chemical 
terms  formerly  ending  in  -Ide,  and  the  pronunciation  is  always 

-Id.    Of  the  three  pronunciations  of  this  termination tde,  -!de, 

and  -ide — in  varying  degrees  of  use  amongst  us,  the  second 
appeared  undoubtedly  the  most  preferable  for  the  following 
reasons:  -ide  is  an  uncommon,  almost  unnatural  pronunciation 
of  the  vowel  in  our  language,  although  it  would  bring  us  into 
unison  with  European  usage  and  simplify  phonetic  values  for  the 

Fate,  fSt,  far,  mete,  mSt,  pine,  p!n,  marine,  note,  n6t,  move, 
tiibe,  tiib,  riile,  my,  y  =  i. 

'  Primary  accent;  "  secondary  accent.  N.  B. — The  accent 
follows  the  vowel  of  the  syllable  upon  which  the  stress  falls,  but 
does  not  indicate  the  division  of  the  word  into   syllables. 
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ears  of  foreigners ;  -ide  leads  fre<|uently  to  coniuAioo  wuli  ^e 
(sulfide  and  sulfite)  and  isthcN'alue  of  i  imithr^t  miKnTd  tram 
European  usage ;  -Id  approximates  closely  to  the  cootiortxtal  i. 
— into  which  it  is  easily  lengthened. — is  readily  recoKiiLtn!  b% 
the  foreign  ear,  is  not  confused  ^i-ith  the  terminatioa  ttr  t%  sa 
line  with  present  phonetic  progress,  and  has  the  b«ckm|c  ol 
authority  and  usage.  The  short  sound  of  i  naturalh  dictates  tW 
dropping  of  the  final  6*  ( According  to  Smart  and  Call,  cbmica! 
terms  endipg  in  -Id6.  as  bromide,  chloride,  etc..  ^boakt  br  pfx^ 
nounced  with  I  long :  but  all  other  orthocptOs  anr  anam 
in  making  the  vowel  short :  and  the  pn>priety  of  the  latter 
of  pronunciation  is  establishetl  by  the  fact  that  this  wbc4e  cl 
of  words  is  not  unfre<|uently  sfielt  without  the  &nal  •:  tk«» 
bromid.  chlorid.  Welister's  I)ictionar>'.  edition  oi  iMk4  and  :  ^^4. 
Principles  of  Pronunciation,  p.  xliv.) 

Tcnninations  in  -In*  — In  the  names  of  chemical  cooipoaadtk 
including  all  those  formerly  ending  in  -lot  iexcrpC  the 
group  of    doubly  unsaturated  hydrocarlMins.   a%  pvoptor  1 
tennination  is  always  pnmounced  -In  and  is  nexxr  lu2icr«Td  bm 
an  6.     In  this  case  much  the  same  reasons  as  tho%r  gi^xti  m  tlbt 
preix*<ling  |>ara>;raph  dictate  the  uniform  use  ol  -In.  and  ooc  ocui 
autliority.   biil  nKnlcni  UHii^jr.  is  even  mt>rr  hxcxl  ni  the  rta;,^j^ 
niciit  o!  llie  Nhort   I.    so  much  so   that  the   change    practwj^:,^ 
aniouiitH  to  simply  dnippiii)^   the   final  -#    when    h«Ikn»ini(   • 
Tlic  tmly  ol»jci*tioii  to  Ik:   raiMrtl  against  the  inmnatH^o  ?%  tit 
basi-d  ufMiii  the  rcct»nuncnt!ation  t>l  Watt^  M>me  Irm  \rar%  %i 
that  l>aHic  sul>Ntani^>  shouiil  terminate  in  -Uw  and  orutral  %«S 
stances    «:/:  .    ^l\ trends,    )'luot%ids.   pn>teuU    and    bcttrt    y€\m 
t*iplis>  in  -In.      While  this  cliNtinction  |ioiv«rsnc^  a  ixrtam  \  al-sr 
it    is  to  \k'   noted   th.it   it   involves  a  dificrenix  in  ^pcllinic  «*t^ 
little  t»r  iu»  dirteretue  in  pronunciati«»n  — a  usrUr^j*  ami  un«Sr^?*'^«Jr 
ionipluation    aiul  <»iit  oi  toucli  \*ith  nuHlcm  phoortH'  pniKt^«tfr% 
It  ileinaiul'*  a  ver\  exten-^ue   kTU»\\ietl>»r  t»l   the  oknststutK«  *<    t 
lar^je   miinl»er   i>t    i^»m|«»un»l'%    uith    these    lemiinatHtis      :t    i,** 
never   lieeii   rei<»^!iJ/rd    S\     tnaiu    chenusis      an*l    6tia'.!%     mx-.w 
It  has  lieeii  partnllv   .i«l«»|»letl   \t\  *»lhefs  it   has  ranr!^    Iw^tx   si^c^ 
ioiiNisteiitlN 

Terminalu»ns  in   •ni6tar.     Words  m  this  cla^w*  ascsi    iv>  t!hr 
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metric  system  are  regarded  as  compound  words,  and  each  portion 
retains  its  own  accent ;  as  mil'lime"ter.  Of  the  two  authorized 
forms  of  accentuation,  it  was  deemed  better  to  retain  this  and 
exclude  completely  the  other  {viz.,  the  uniform  laying  of  the 
accent  on  the  antepenult),  because  the  former  is  of  help  to 
foreigners  using  our  language  and  vice  versa,  while  the  practice 
accords  with  the  general  rule  for  the  retention  of  the  primitive 
accents  in  compound  words. 

Derivatives  of  Valence. — The  Latin  prefixes  are  used  invariably 
to  the  exclusion  of  the  Greek,  in  accord  with  the  recognized 
principles  of  word-building  in  our  language. 

Arsin,  Stibin,  Phosphin,  Hydrogen  Suljid. — These  shorter  terms, 
long  since  adopted  by  many  chemists,  now  supersede  completely 
the  cumbersome  arsenetted  hydrogen,  etc.  (It  is  to  be  hoped 
that  the  simplication  may  soon  be  carried  a  step  further  by  the 
introduction  of  sulfin,  selenin,  and  tellurin.) 

Gramme. — The  retention  of  the  -me  of  the  French  spelling 
may  seem  to  ill  accord  with  principles  of  phonetic  reform  actua- 
ting many  of  the  above  changes.  It  is,  however,  dictated  by 
reasons  of  prudence,  as  long  as  the  metric  system  is  used  side 
by  side  with  the  old  apothecaries*  series  of  weights  and  measures 
by  our  physicians  and  pharmacists.  When  the  transition  period 
is  over,  and  the  latter  system  is  effectually  displaced,  the  simpler 
form  will  unquestionably  be  adopted.  It  is  obvious  to  all  that 
the  marked  similarity  in  sound  and  spelling  between  the  words 
grain  and  gram  could  easily  lead  to  mistakes  of  the  gravest 
nature,  and  as  a  matter  of  fact  a  number  of  deaths  have  already 
been  caused  by  either  mere  inadvertence  or  by  the  omission  of 
the  dot  over  the  /  ingrain.     {Amer.  Druggist,  20,  369.) 

These  proposed  changes  were  carefully  canvassed  with  those 
gentlemen  who  have  made  the  English  language  their  life  study 
and  who  were  unanimously  in  favor  of  them.  They  were  made 
the  subject  of  a  number  of  reports  to  the  American  Association 
for  the  Advancement  of  Science  and  were  favored  by  a  large 
majority  of  those  present.  In  drawing  up  the  report  the  com- 
mittee sought  and  obtained  the  opinions  of  a  number  of  chemists 
not  members  of  the  Association  and  so  far  as  it  was  possible  to 
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obtain  an  expression  of  opinion  the  rvcf>inmrn€latton«»  \«  :  r  :^ 
wish  of  American  chemists. 

The  report  of  the  cf)mniittec  was  not  intcndni  to  ^tt>  tbr 
matter  forever.  It  seems  pn>per  howe\*rr  that  it  ^Jioum!  V  *i«rtf 
as  a  first  step  in  the  rij^ht  direction.  We  have  U*n^  a>:«»  tlrt^t^^c^i 
the  //  in  /tfxvr.  ^<>«<>r,  mo/d,  r/r.,  the  retlundant  m^  \t\  ^^.y^jm 
changed  iitrr,  icntre,  r/r. .  Uy  iitrr,  vk\u\  trmtrf  ami  in  «»thrr  t»i** 
improved  and  strengthened  cmr  langna^^e.  I*rt  u^  n«<  hc^ititc 
tc»  make  other  chan>;es  when  the  time  ctmu-*. 

That  these  changes  will  plea**e  (teorge  \V.  ScxviIk-^  .  wS* 
objects  to  Wehsterian  >jK'lling.  <>r  Charles  A.  Hanj  wb*^  ««^f-*  •»» 
manner  of  reason  in  s|H:lling  refonn  in  hardl\  t«»  W  r\;icx*oi 
In  the  July  numlK*rof  HaqnTs  Maga/ine.  Hrandcr  Matthrm*  i** 
however,  shown  in  a  mt»t  ctmvincing  manner  the  »rak?»r^*  •< 
Mich  objections.  The  article  >hcmld  Ikt  read  in  full  F«*r  !h»i« 
who  cannot  do  this  the  following  extracts  will  >ic  «»t  iKtrrr< 

"The  most  <if  those  who  write  with  ease  in  HntiOj  ^mr^^Al^ 
tlcj>loring  the  prevalence  of  'American  SfKUing  ha%r  ^srnT- 
carried  their  education  so  far  as  to  ao|Uirr  that  i«»untlj?><".  -^ 
wiMlom  which  prevents  a  man  tn»m  expnr^ting  an  •'jmt::**^  -« 
sul»jcrts  as  to  wliich  he  is  ignorant.  *  *  N<>w  liter aturr  :*  »  nc  t 
tlu-  artN  ;i!i<l  pliiloldgv  is  a  sciciuxv  Thougli  mm  ••:  '.r^tcr'*  "m-.t 
to  uni-  words  as  tlu*  to*»N  ot  their  trade  orth*vf«>I'h\  :s  rk^  or  '^ 
less  a  )>r.itu)i«>f  phili»l«»g\  .  atul  phi!»»!<»i;\  docs  ti«»t  it  r:r  ^»%  r.i:  .t 

"As  I  li:i\i-  s.iid  lulon*.  the  alKi^td    .Vnunran  s;«r ''.'?: ^     ■   tY-*^ 
but  \ir\   slighlh   lr«»!n  lliat  whuJi  pre\-iils  m  i;::^Ia:5  S         V  »  jt; 
diriug  Nfw  Vt»rker   \\h«»  raiid»I«  s  thrt^ugh  I.«»!:d»  :i  :s  a*  >  •      •  * 
li-it  !io\\    aihl   .iv:.i!U  evitU'iu-vs  o!  « •rth«»iCT.iph!v    sut\!\i.*    «        *i 
giM   hnn  a  sudden  si-!is<-  oi   {hiu*;   \n  iii  •»MtT   *^»u?i:r\    \\%,'     ?.-% 
«»\\u        I  Ikim-  s<r!i  a  iniii  \\h»sc*  h«»iue  was  -icar  <»ra::;rr    »    :'»*4 
stop  sh«»il  n»  ihr  i!i:iidli-  o:  .i   little   street    :n    \|j\!At:     irv  1    >    -• 
Willi  etst.il:^'  delvl'.t  to  tlu*  strip  «»|   p.i:nr    .iKr»»%s  thr    ■;'.**•     :  •-^ 
o!  .1  b.ir  pi«H  l.r.i'.r.J'.^  th  it  (    )*/*/  A'w  i> '•»M  w.th'v.       I  hiw   ««-t-? 
tile  s.inu-  tn  i!t  th".*.l  w!!li  pure  ^ix    *H:«tTr   t'.ie   s2i  -p     '•    i      »     -^ 
111  thi-  w  i!id*>\\  ••!  w  h'.»  h  V .-' V  .^.",1.  ■;.  r .  weft  otteri*-.!  !•"?  VI  c         V--. 
tilts  x.i!:if  Nev%    V'»:ki'   w  isr.irrtrd  Si.k    i.  r»*s%   the    ^ri**    • 
lu    iiotetl   the   t  \!t  I    ^     !M    \\\r    Hrttrnh     .  i^^.s      4?i   •■r'.l^    •,;"'i     *  • 
tiUh    wheel     ll   e\er    tliete    was   .»jie     he     stt^ucsl    at    the    /    %:«    x 
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lingers  at  the  end  of  the  British  almanack;  he  wondered  why  a 
British  house  should  have  storeys  when  an  American  house  has 
stories;  and  he  disliked  intensely  the  wanton  e  wherewith  British 
printers  have  recently  disfigured _/^r/«,  which  in  the  latest  London 
typographical  vocabularies  appears  2ls  forme.  This  e  in  form  is 
a  gratuitous  addition,  and  therefore  contrary  to  the  trend  of 
spelling  reform,  which  aims  at  the  suppression  of  all  arbitrary 
and  needless  letters.  Most  of  the  American  modifications  of  the 
Johnsonian  orthography  have  been  labor-saving  devices,  like  the 
dropping  of  u  in  color  and  of  one  /  in  traveler,  in  an  effort  at  sim- 
plification, and  in  accord  with  the  irresistible  tendency  of 
mankind  to  cut  across  lots.** 

That  the  changes  proposed  by  the  committee  have  met  with 
favor  is  evident  from  their  use  in  the  new  Standard  Dictionary, 
now  in  preparation  edited  by  Dr.  F.  A.  March  and  published  by 
Funk  and  Wagnalls  of  New  York  City.  Dr.  Witthaus  has 
adopted  them  in  his  Manual  of  Chemistry,  Dr.  G.  C.  Caldwell, 
President  of  the  American  Chemical  Society,  in  his  Elements  of 
Chemical  Analysis,  reviewed  in  this  issue,  as  also  the  late  Dr.  T. 
Sterry  Hunt,  in  his  Systematic  Mineralogy, 

The  changes  proposed  will  also  be  used  in  this  journal  with  a 
single  exception.  On  reflection  the  reason  given  for  spelling 
gramme  does  not  seem  sufl5cient.  The  spelling  gram  is  already 
in  nearly  universal  use.  If  physicians  are  afraid  to  spell  \\.  gram 
they  should  add  the  -me  until  the  use  of  the  grain  shall  have 
been  discontinued.  In  the  meantime,  chemists  may  continue  to 
spell  xtgram  to  their  great  advantage. 

This  is,  however,  a  free  country,  and  no  law  is  likely  to  be 
enacted  forcing  chemists  to  spell  d  la  committSe.  Neither  will 
the  editor  of  this  journal  undertake  to  dictate  to  chemists  in  the 
matter  of  spelling.  Contributors  who  wish  to  spell  in  the  old 
way  should,  however,  so  state  on  the  manuscript  in  order  that 
no  misunderstandings  may  arise. 
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Caldwell's  Chemical  Analysis.*— This  book  was  written,  as 

♦Elements  of  Qualitative  and  Quantitative  Chehiical  Analysis.  By  O.  C.  Caldwell. 
Professor  of  Analytical  Chemistry  in  Cornell  University.  Second  edition,  revised  and 
enlarged.     Philadelphia  :  P.  Blakiston,  Son,  and  Company.     Pp.  viii-175. 
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the  author  States  in  the  Introduction,  for  l>c>jinnrrH  in  jr.  i!.*% 
who  clo  not  wish  to  qualify  themselves  a**  chrtni%t%  ^vM  m..-  i.» 
not  feel  able  to  buy  the  larger  works.  The  neitK  «>(  thr  <"->*•-•'!* 
in  Cornell  University  are  of  course  first  in  the  wntrr  ^  th--i:^:.t* 

Part  I  opens  with  a  chapter  on  Solution  and  Soli*!*  !r»fr.  >  ^t: 
tion.     Then  follow  chapters  on  Acids.  HaMr*.  Salt**     t  >%!.1a!'  r 
Chlorinati<»n.  Reduction:   Metathe^i** :  Writing:  Kquati«*n*     Tbr 
Manipulations  of  Analytical  Chemistr>'. 

Part  II  contains  chapters  on  The  Mo<ie  of  Pn^v^iurT  ra 
(fcneral  :  The  Preparation  of  the  Solution  of  the  Sul**tarHr  Tbr 
Acidigens  or  Acids;  The  AnalvMs  for  the  Acidi>;rn%.  Hji%:i;t^s* 
t>r  Metals. 

Part  III  cfHitains  chapters  on  The  Balance  and  it^  T^  Vn*- 
uremenl  in  Volumetric  Analysis;  Seven  Imjiortant  *  >^*^?Jt^'r;»  € 
(Juantilative  Wtirk  <st)Iutitm.  pret*ipilation.  hltratton  £!!rA!-»n 
by  suction,  washing;  prei*ipitates.  the  aH!»r>t«>H  filter  prrjant^n 
t»(  the  precipitate  for  weighing;,  c^lculatutn  of  the  rv^oitt*  ••«  :V 
analysis);  MiM-ellanetnis  Matters  u^omprisin);  nirtKi^U  h<  !^ 
determination  ot  sj>ecitic  j^ravity.  um:  c»f  pUtinum  »jnr  tbe 
quantitative  n«»te  IkhjU.  misixdlaneous  maxim^^i 

Part  1\*  t'^unprises  The   Ik-tenninatioii  i>t   In»n  ami  of   Su'.::t? 
Trioxid;    Acidunetry  aiitl    Alkal!n»rtr>  .   The   I VtrTra:r.jt>-=:    ^ 
l.cacl.  Phospliorijs  Pent»»\i»l.  and  CaKuim.  bnlomctiA     Ivtr^r: 
nation  o!  .\ntin»oti\  .    .\nal\HiH  b\   ICItvtroK  ni%     Sr|»jir  jt:*r.  i-sfci 
Uvtcrininatioti  tif  Sil\cr  and  Cop|Kr 

Part  \*  contains  l»stH«»!  apparatUN.md  rvaj^mt^  %;icxi<k  j^-ivt* 
and  (»thiT  tables,  and  an  index 

Altogether  tlie  U»i>k  is  the  In-'^t  «•!  it**  knid  that  Vkr  ha\r  ^rcr 
Thmnghont  the  l»<*«»k  the  '^jK'IIini:  ot  %\«»rds  fn^»fr.nicr>^lr»l  *  • 
the  onnnuttee  «»t  the  Aineruati  .\h^>«  tation  tor  the  .\d\  jrxT  tuc— ; 

l.Kk  \T\ 

Thi   .itti  !iti«»n  «»!  tlir  Idilf!  lia^  ^-t-xii  ^  alletl  t«»  nunacf*  u^  c-  i*% 
in   tlu-    ItiMioi^f aj'liit  «»  «■!    Nitrt»ijr!i  o»ii!an;ed,   \t\    1.     I      kr     t-  « 
pijHT    in   tile   ini!!'.*-*  T    «■!   th:**   '••nrnal    l«r    Mj\      iv.:     .5,    ;;• 
Th««s<-   \\li«»   ni.ike    ti'**    «  :    thi^*    J'tMiographir^  *h»»tiUl   ti^r-r*  rr 
verilN  the  teleriiue'*   md  ii«'l  lake  iheni  at  M.x^»ud  hast't 
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METHODS  OF  SOIL  ANALYSIS. 

By  David  O'Brxnb. 

There  are  three  methods  of  soil  analysis  in  common  use :  ( i ) 
The  method  described  in  Chemical  Bulletin  No.  lo,  United  States 
Department  of  Agriculture,  by  Edgar  Richards,  **  Principles  and 
Methods  of  Soil  Analysis";  (2)  The  method  described  in 
Chemical  Bulletin  No.  31,  pp.  233  to  241;  (3)  The  method 
worked  out  by  Drs.  Robert  Peter  and  E.  W.  Hilgard  for  the 
soils  of  the  Southern  and  Pacific  States  for  the  tenth  United 
States  Census.  It  is  natural  to  expect  quite  an  agreement  in 
most  things,  yet  there  are  many  little  details  that  differ  widely. 
Having  occasion  to  use  the  method  of  Drs.  Peter  and  Hilgard 
and  thinking  it  might  be  of  interest  to  the  readers  of  this  journal 
I  give  below  the  following  working  details : 

The  soil  is  thoroughly  broken  up  with  a  rubber  pestle  and 
sifted  through  a  sieve  of  one-half  millimeter  meshes  to  obtain 
the  ^ne  earth  for  analysis.  This  fine  earth  is  exposed  to  an 
atmosphere  saturated  with  moisture  for  about  twelve  hours  at 
the  ordinary  temperature  (60°  F.)  of  the  cellar  in  which  the  box 
should  be  kept.  For  this  it  is  placed  in  a  layer  of  two  milli- 
meters thick  upon  glazed  paper  on  a  table  in  a  small  covered  box 
(12X9X8  inches)  in  which  there  is  about  an  inch  of  water;  the 
interior,  sides,  and  cover  of  the  box  may  be  lined  with  blotting 
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paper  which  is  kept  saturated  with  water  to  facilitate  the  xa! uri 
tion  of  the  air.     After  twelve  hours  the  earth  i%  tran*lrrrr*;  »* 

"Q     quick I\  an  f>rkv^»!r  :  ■  t 
wei>:het!     «lrv:r.j:     !u*'* 
^___  atuiuet^hn!     ::  :*  thr^ 

^  t  heateti  in  a  inarafer.  'ati 

ami  the  temperature  gradually  raise*!  to  ji*>'  C  .  and  :%  kr?< 
there  twenty  to  thirty  minutes  (rapidity  <»f  raiMn^  tctnywrit^fr 
de|>ending  on  amount  of  moisture  in  the  M>ili.  a  current  *^  !rt 
air  passing  continually  through  the  tulie.  It  ts  then  wTT^brd 
again  and  the  loss  in  weight  gives  the  AiA»r4»»«4»^i4  «i«vi/«rr 

From  the  dr>'ing  tul>e  two  quantities  arc  wvighe«l  <ki;  -  t**-  to 
two  and  one-half  grams  for  general  analvMs  and  thrre  to  th-vc 
and  one-half  grams  for  phosphoric  acit!  determtnati««n 

<;knkkai.  a\\i.vm> 

1.  The  weighctl  c|uantity  of  two  to  tw«»  and  i^nc  ha!:  sras*  :* 
!>rought  intti  a  small  {M^rcelain  lieaker.  trcate«i  with  n^hx  t  'r^ 
times  its  !)ulk  of  hytlnK^hloric  acid.  H|ic\-itic  gravii\  i  : : «  i^ 
two  or  three  dn>|>s  f>f  nitric  acid,  and  tli>;rMei!  for  6\r  dj\%  -irr 
the  water  hath.  At  the  end  of  thi**  tune  it  i%rva|»»ra!c^!  t  !••» 
ncsN,  first  on  the  water  luth  and  thru  over  thr  ^and  ^Mt>.  ?' 
thin  treatment  all  the  silica  is  rendered  itiMtluMe  *  It  *.*  ■=»  •• 
moistened  with  stnmg  hydnK*hloiir  acid  an«!  tvn»  «»r  thrrr  ^l-^i* 
of  nitric  acid,  wariiifd  and  tri-au*^!  with  di%t:!Ic^!  »Atc-  *-"r- 
allowing  it  to  stand  a  tt-w  lunir^  on  the  water  !*a!h  t^c-  !  .•♦ 
filtered  tnmi  the  insohiKle  reNjditr  whuh  i*  ^tri-ti^jlx  ^.^r.  •r*i  i-*i 
weiv:lie<l  ♦ 

•Ilrrrl«»»^f»"**l!*tci-ir1**«?        |S»!|-       >.»ri-i€»^ii.»  '-^  •    m  t    •       >.•««•« 

jir»?«»*lr«l*-<l-T'»       TSrT>jkl*'«'*"*.*it»''fc*-      •••»     •».•••      ••(     •■     ••%-«wi'  '!■« 

hi'MsMivlii'^r^wthiC-    «t  11  •!*'•••    •!    ;.}if»«».     •*•»•    .»•:•<     •■-«■*    't^t         "1-       «     ..»-^ 

•  fir    *M.!«i»ir**i*l    '■!.*■»•!••     li  *»•.•••■     •■•!•■«•■       ■•■•        »fc         T*€»»*«  ■•!      <»••    ••••» 

'.  •!»-cnfcrJi«l»'-'«k*-i         'it*-!"*      -■.»•       j»i;-»l         .^•r-»«**r»*f«»»      «         '»      ••■•     .■•■• 
f;"fi!w»!'l'!'«t""'r-1«ii!r«tt    w    "      !*•"    ?     ■     ••     -•>•«■•■•      ?    'j*    Wf*'    •»•     *im  -      m       •%,.tf      -m 
•■"'■••*I  T*^r    »*■*''•'.■  gr^ir-*,   t'i  **•€    *m  t\'.-  m    i     '*-'.%    r.g^  •    ^     -I  -  m         t        •    *     w.      •       xl  l^f* 

»'-r    '.4l!r«   .   T    !   !*■*•    •'••■     tVi      ••  *    I   t      »         Si'.*       ■-•        1     :       *  ^    '     .       ».*••-  !./•» 

•,1     1^  i«  f   •••nic  »<  Hi  ;•*•■••■.      f*.  il*',!*!*'!*^. •-*••••»-'■.  *«     «•«•!.•.     (i     ■.  •■»      ••■•»••■ 
i>    '.  II   !««'  *.        S»    ••••'•.'•   i»  ••■»'.  I     ■  •»         »    •  -  ,  •.■,.*- 

*  N  4r  I        If     I*!*     •    ••*«i     •'  •    •#      :     ■        *     •*'     ■•-«     .     '•    •»•'.?».«    •  *■»    »    ^i»    !■*«• 
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The  insoluble  residue  is  next  boiled  for  fifteen  to  twenty  minutes 
in  a  concentrated  solution  of  carbonate  of  soda  whereby  the 
soluble  silica  is  separated  from  the  sand  and  insoluble  matter, 
which  is  again  brought  upon  the  filter  and  ignited  and  weighed. 

2.  The  filtrate  from  the  insoluble  residue  is  evaporated  to  a 
convenient  bulk.  In  case  the  filtrate  should  indicate  by  its  color, 
etc. ,  the  presence  of  any  considerable  amount  of  organic  matter 
it  should  be  oxidized  by  aqua  regia,  othenivnse  there  will  be 
difficulty  in  separating  alumina. 

3.  The  filtrate  thus  prepared  is  now  brought  to  boiling  and 
treated  with  ammonia,  whereby  the  iron  and  alumina  are  pre- 
cipitated; it  is  kept  boiling  until  the  excess  of  ammonia  is 
driven  off,  and  then  filtered  (Filtrate  A). 

4.  The  precipitate  of  iron  and  alumina  is  well  washed  with 
boiling  water,  then  removed  from  the  filter  to  a  platinum  dish. 
The  small  quantity  which  unavoidably  remains  on  the  filter 
is  dissolved  with  boiling  hydrochloric  acid;  the  filter  is  then 
added  to  the  alumina  or  may  serve  for  filtering  the  alumina 
subsequently. 

5.  The  precipitate  in  the  platinum  dish  is  dissolved  in  hydro- 
chloric acid,  treated  over  the  water  bath  with  alcoholic  potash 
and  allowed  to  digest  for  at  least  one  hour.  By  this  means  the 
alumina  is  brought  into  solution  while  the  iron  is  precipitated. 
The  iron  is  brought  on  a  filter  and  washed  with  boiling  water 
(Filtrate  B).  The  iron  precipitated  is  dissolved  on  the  filter  by 
hydrochloric  acid,  the  filter  being  added  to  the  insoluble  residue 
(See  Note  i),  and  precipitated  from  the  boiling  solution  by 
ammonia;  it  is  then  filtered  off,  washed,  dried,  ignited,  and 
weighed. 

Filtrate  B  containing  alumina  dissolved  in  potassium  hydroxid 
is  acidulated  with  hydrochloric  acid  and  a  few  crystals  of  potas- 
sium chlorate  are  added  to  destroy  any  organic  matter  from  the 
filters,  etc.;  with  this  it  is  digested  for  an  hour,  then  neutralized 
with  ammonia  and  the  alumina  precipitated  by  ammonium  sul- 
fid;  it  is  allowed  to  settle  for  a  few  hours,  then  filtered  off, 
washed  out  with  cold  water  to  which  a  few  drops  of  ammonium 
sulfid  have  been  added,  dried,  ignited,  and  weighed.  Or  this 
method  may  be  used :  The  iron  and  alumina  precipitate  (with 
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filter)  is  dissolved  in  a  mixture  of  about  6\-e  cc.  h>dn^h*^nc 
acid  and  twenty  cc.  water.  Then  61ter  (see  Note  1 1  and  aake 
up  to  150  cc.  Take  fifty  cc.  for  the  determination  of  tnm  saii 
alumina  together  and  fifty  cc.  for  iron  alone:  keep  firt\  <<■  tor 
reser\'e.  Determine  the  iron  by  means  of  a  standard  ^>Iuli"«o  ut 
potassium  |)ermanganate.  after  reducing,  which  t*  done  b^ 
evaporating  the  fifty  cc.  almost  to  dr>*nes5i  with  stnwij:  %al?'3r»c 
acid,  water  added,  and  the  solution  transfcrrvd  to  a  &a%k  lad 
reduced  by  means  of  pure  metallic  zinc  in  the  u^tal  wa%  TW 
alumina  is  thus  detennined  by  difference. 

6.  The  Filtrate  A  free  from  inm  and  alumina,  if  too  bolk^^  t% 
evaporated  down  to  aliout  twenty •fix'e  cc.  unleiM  the  mnl  1%  a  cai 
careous  one.  and  the  /imr  is  preinpitateti  from  it  b\  nctitraUx£««c 
with  ammonia  and  adding  ammonium  oxalate  The  «^>h:txtB 
containing  the  lime  should  be  treatetl  Uitling  viith  the  aaioxiu 
as  the  precipitate  settles  much  more  easily  in  thi%  ca%r  h  n 
allowetl  to  stand  for  twelve  houn*.  then  filtered  ofl.  wa%hrd  mizk 
c*ol(l  water,  and  drietl  (Filtrate  C). 

Hy  ignition  the  preiipitate  is  {>artially  con\-rneil  into  ihc  n?\rti 
This  is  then  healetl  with  twice  its  bulk  of  pow^icml  afac>.»^.:«« 
carlM)nate.  moistenetl  with  hot  water,  ami  expi^^nl  to  a 
lu-al  (  v>'  to  s<)   C. )  until  all  the  ammonia  1*%  cxi^IIcxl       It  :*  t 
<lricd  liclow  :i  red  hrat  and  di-lernunctl  4%  lakium  cArSuciatr 

When  the  amount  of  lime  is  at  all  c«»nMdrrabJc  the  trr-atr:*^ 
with  animonium  carUmate  must  lie  re]^atet!  till  a  o-n^tant  wr*^^ 
is  obtaini*<l. 

7     The    Filtrate    C    from    thr    liiiir    i«*  bnmjcht    !n?o   a    ia*4 
fvajMiratcd    down  ovrr  a  Hatul  l»ath   and    thr  a?nR¥im)aval   v*!^ 
tirstn>\c<i  with  a«iua  rcgia    (I.aumur  Smith  %  nwtbi*!'        K-«i 
thi*  tl.isk  it  is  riMiiovitl  to  a  Miiall  !»i-aker   aini  c>  ajujcatcd  t»     ."11 
111"***       This  pnHrvH  ustiallv   4HVUpics  u>ur  t*>  fc\r   b^^tir^       Tbr 
<lrv   rrsuliir   is   !io\v   tnoistciic^l   with   iiitnc  acid   am!  tSc    %    •.  a 
prrs<!it  is  s<|Kiratt*d  h\   h!tr.it!«»n  tmni  thr    tiltratr    whuh  %^  «:.ii 
not  .iinoiint  l«»  ni«»rr  tha!i  trii  to  fittrt-n  t-x*       Sultunc  at-^d  .%  rnr 
iij>it.4tfd  h\  tTratniriit  \\\l\\  a  vrrv  tew  dr^i*^  t>i   l«anusa  "^fttr 
Uitli  thr  siiliiiion  aiitl  thr  rea^rtit   lirinjj    heatcst  tt>  U^^ak^j       !• 
thr  «|uantitN  o!   siiltiin^   .u  ul  is  ljr>»r  it   ma\    W  filterrd  t%:*  i^^r* 
the  lajHic  of   four  or  hvr  hours  {  Filtrate  I>i       It  \tT>  %:&aXl   Jct  * 
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Stand  twelve  hours.  The  precipitate  is  washed  out  with  boiling 
water,  dried,  ignited,  and  weighed  as  such.* 

Filtrate  D  is  now  evaporated  to  dryness  in  a  platinum  dish, 
the  residue  is  treated  with  twice  its  bulk  of  crystallized  pure 
oxalic  acid,  moistened  with  water,  and  exposed  to  gentle  heat. 
It  is  then  strongly  ignited  to  change  the  oxalates  to  carbonates. 
This  treatment  with  oxalic  acid  must  be  made  in  a  vessel  which 
can  be  kept  well  covered;  otherwise,  there  is  danger  of  loss 
through  spattering.  The  ignited  mass  is  treated  with  a  small 
amount  of  water,  which  dissolves  the  alkaline  carbonates  and 
leaves  the  carbonate  of  magnesia  and  proto-sesquioxid  of  man- 
ganese behind,  and  also  the  excess  of  barium  carbonate.  The 
alkalis,  and  magnesia,  barium,  and  manganese  are  separated  by 
filtration  into  a  small  platinum  dish  (Filtrate  E),  and  the  resi- 
due well  washed  with  water.  If  the  color  is  green,  add  a  small 
amount  of  alcohol  to  oxidize  the  manganese  which  will  then 
remain  on  the  filter  and  the  alkalis  in  the  filtrate. 

The  residue  of  magnesia,  barium,  and  manganese  is  now 
treated  on  the  filter  with  hydrochloric  acid  and  the  platinum 
dish  is  washed  with  nitric  acid  (not  hydrochloric  acid,  otherwise 
the  platinum  dish  will  be  dissolved  by  chlorin  from  the  man- 
ganese), dissolving  any  small  traces  of  magnesium,  barium,  and 
manganese  that  may  have  been  left  behind. 

9.  The  solution  containing  the  chlorids  of  magnesium  and 
manganese  is  now  freed  from  the  barium  salts  by  precipitation 
with  sulfuric  acid,  and  the  barium  sulfate,  after  settling  a  few 
hours,  is  filtered  off.  The  filtrate  is  neutralized  with  ammonia, 
the  resulting  small  precipitate  of  iron  is  filtered  off  and  the  man- 
ganese precipitated  with  ammonium  sulfid.  Allow  to  stand 
twelve  hours  and  filter  (Filtrate  F)  ;  wash  with  cold  water,  dr>', 
ignite,  and  weigh  as  manganic  oxid. 

10.  The  Filtrate  F  from  the  manganese  is  now  freed  from  the 
sulfur  of  the  reagent  by  acidulating  with  hydrochloric  acid, 
evaporating  down  if  necessary,  and  filtering.  From  the  solution 
thus  free  from  sulfur  the  magnesia  is  precipitated  by  adding  an 
equal  amount  of  ammonia  and  treating  with  phosphate  of  soda. 

•Note  2. — Care  must  be  taken  in  addine  the  barium  nitrate  because  in  such  a  small 
concentrated  acid  solution  the  excess  of  barium  nitrate  will  cr>'stallize  and  does  not 
readily  dissolve  in  hot  water. 
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After  standing  twelve  hours  the  magnei%ia  may  ^>c  filtrrri!  «# 
washeil  out  with  animoniacal  water,  drietl.  if^nitrti.  ami  iir?i:hf^ 
as  magnesium  pyrophosphate. 

1 1 .  The  Filtrate  K    ( which   should  not  he  mnrr  than  tm  «r 
fifteen  cc. ).  containing  the  carlMmates  of  the  alkalis.  \%  cMpi«n 
te<l  to  dryness  and  gently  fuse<l  so  as  to  n: ndcr  in^>ia!»2c   t«* 
magnesium  carlwnate  that  may  hax-e  gone  thnmgh      thrti  ?r 
dissolved  and  filtered  into  a  small   weighetl  platinum  dtOi  ct« 
taining  a  few  drops  of  hydrochloric  acid  to  change  the  carUicsiASr* 
into  chlorids.  evaporatetl  to  dryness.  expoMrtI  ti»  a  trtnprr JtTifr 
)>elow  reti  heat  by  which  the  chlorids  are  thon>ughl\   drso!  aaii 
freed  from  moisture  hut  not  \*olatili/eti.     TheMrarr  now  mn^brd 
and  the  heating  re|)eatetl  until   a  oinstant  weight  t^  <4iCa:a(^ 
The  weigheti  chlorids  are  now  bnmght  hy  mean%  «»l  a  IttlW  «  Atrr 
to  a  small  fiorcelain  dish,  treatcrti   with  a  suf&ctrnt   «|ttant:t%  •at 
platinic  chlorid  ami  eva|K>rate<l  to  drynex**  o\-er  the  watr?   ^»»?li 
The  drie<l  residue  is  now  treatetl  with  a  mixture  of  thnnc  ;%»?t% 
of  ak^ihol  ami  one  part  of  ether,  which  dis!*ol\*r^  the  «*!!««  %ai 
hut  leaves  the  {Mitassiiim  platino-chKiriil  uikIism^xxs!       Tb:%  » 
now   brought  on  a   filter.   wa<%he<i  with  ether  an«i  aIo4)«% 
when  tlriifl  the  precipitate  ant!  filter  are  bn»ught  snt»»  a 
platinum  crucibK*  and  fxp<»*<tl  to  a   heat  Huffutrntlx   tntr-r.^c  ^" 
rtMlucv  the  platinum  chlortcl  to  metallic  platinum  and  t**  \«Cj::.  te 
the  jKitaNsa       The  rccUux'tl  platinum   i%  mm    tir^    «a%hcx*   •-•^ 
acidulateit   water,   then   with   pure  %vater.    then  at!   Tn«n<u-T    r* 
driven  off  an<l  it  is  \veiv»hc<l       Fn>m  the  wei>:hl  of  the  pU!  -xa 
may  Ik*  calculatetl  the  pi»ta«^sium  chloml.  atul  then  the  ♦♦wi  .*•* 
res]>otuli!ijk;  :    the  tlitfereiu'e  l»et\\een   the   %%eiichl'k  «*t  the  x'.kA,'.  wt 
cliloriils  and  the  |>ota'*Mii!ii  rhlornl  ^ne-*  the  ^wviium  i  hi*  <'vl  !-.«» 
whiili  in.n   )k' calrul.ititl  the  o\u! 

|-||«iN}>}|«iKU      \kll»    I»l  Tl  KVIX  \TI«»\ 

I.'  The  \\ri'<hei!  »,n.i!)tit\  ot  three  t«»  !;\e  i;ram%  t%  *«r»  c^^lt 
mt»»  .1  pl.itiiuiin  tTtuiS'.t  .iTui  ivctntetl  care  ^^rini*  taken  t-  it*  «»i 
al!  I«»xs  liN  du'^tiiik:  The  1«»n%  t»t  weight  alter  ii^ntti^its  C'^'t-*  Mk 
amount  «•!  ihetnuallx  *»»!ii>»inetl  water  and  volatile  tnattr* 

i;     The   i)k^n!tr»i    •*••!'.    In   now    reino\e«l   t»»   4   |«i»riTlain    ^^riirf 
treatett    witii   tour    ti>  tiM    ttme^    !t^   bulk   <»l  %lrv»Q|;   nxtrx    ».V 
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digested  for  five  days,  evaporated  to  dryness,  first  over  the  water 
bath  and  then  over  the  sand  bath,  moistened  with  nitric  acid  and 
treated  with  water.  After  standing  a  few  hours  on  the  water 
bath  it  is  filtered  off  from  the  insoluble  residue  and  the  filtrate 
is  evaporated  to  a  very  small  bulk  (twenty  cc.)  and  treated  with 
about  twice  its  bulk  of  ammonium  molybdate,  thus  precipitating 
the  phosphoric  acid.  After  standing  twelve  hours  it  is  filtered 
off  and  washed  with  ammonium  nitrate.  The  washed  precipi- 
tate is  now  dissolved  on  the  filter  with  dilute  ammonia.  After 
washing  the  filter  carefully  the  ammoniacal  solution  is  treated 
with  magnesia  mixture  by  which  the  phosphoric  acid  is  precipi- 
tated. After  allowing  it  to  stand  twelve  hours,  it  is  filtered  off, 
washed  in  the  usual  way,  dried,  ignited,  and  weighed  as  mag- 
nesium pyrophosphate  from  which  the  phosphoric  acid  may  be 
calculated.  The  per  cent,  of  phosphoric  acid  is  to  be  subtracted 
from  that  of  alumina. 

HUMUS    DETERMINATION    IN    SOILS. 

About  ten  grams  of  the  soil  is  weighed  off  into  a  prepared 
filter.  The  soil  should  be  covered  with  a  piece  of  filter  paper  so 
as  to  prevent  it  from  packing  when  solvents  are  added.  It  is 
now  treated  with  hydrochloric  acid  from  0.5  per  cent,  to  one  per 
cent,  strong  to  dissolve  out  the  lime  w^hich  prevents  the  humus 
from  dissolving  in  ammonia.  Treat  with  the  acid  until  there  is 
no  reaction  for  lime;  then  wash  out  all  the  acid  with  water. 
Dissolve  the  humus  with  ammonia,  prepared  by  diluting  common 
sattirated  ammonia  (178  cc.  ammonia  to  422  water).  Evaporate 
the  humus  solution  to  dryness  in  a  weighed  platinum  dish  at 
100®  C. ;  cool  and  weigh,  then  ignite  ;  the  loss  of  weight  gives 
the  weight  of  humus.  The  residue  from  ignition  is  carbonated 
with  carbonic  acid  from  the  carbonic  acid  generator,  heated  and 
weighed,  thus  giving  the  ash.  It  is  then  moistened  with  nitric 
acid  and  evaporated  to  dr>'ness.  The  residue  is  treated  with 
nitric  acid  and  water,  allowed  to  stand  a  few  hours  and  the  solu- 
tion filtered  from  the  insoluble  residue,  which  is  ignited  and 
weighed,  giving  the  silica.  The  soluble  phosphoric  acid  is 
determined  from  the  solution  by  the  usual  method.  Considerable 
information  can  be  found  in  the  "  Scientific  Examination  of 
Soils,*'    by    Wahnschaffe.     The  practical  question,   "Does  the 
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chemical  analysis  of  a  soil  convey,  lo  an  average  i^ttikt  i- . 
tanf^ihle  information  ? "  has  advcxrates  on  U>th  Hiclr%  I:  :*  ti»<  t:\ 
pur])oseto  <liscnissthe  (piestiim  at  the  prcMrnt  time 
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Fnmi  the  remotest  anti({nity  Marsi-ille^ihAH  ln-rn  iht-  cm:*  r--;-: 
not  only  of  the  oils  of  the  pn>vini.x\  hnt  al«-»  «»<  lht»M:|  ri*lu--T«:  '  ^ 
Italy.  Spain,  the  African  ct>aHt.  ( treece.  .iml  Turkr\ 

The  olive  tree  i-*  cnllivateti  in  the  f«»ll«»winv:    «lfp.ir?r:vr.t» 
I'rance:   AljH.'s-Maritinies.   Var.  liiim  hvH-iIti  Khonr    <*.^nl     H< 
rault.Amle,  Pyrenees-Oiienlales.VaucluM,"  Ha^^Mr^  A!;i«.-'*   I^r'-.* 
aiul  Anleche.      A  «listrict  of   i5*.*sf»  hevtarr^  i%  taki:;  ;r;.  i»-!i 
its  cnltivation.     The  total  prtMluctioii  i%  rMiniatnl  Jt   x-^  ,::    •« 
liters,  representing;  a  vahie  oi  f»i  ,tii»5.t«n»  tram^     i  H  th:%  «{ujr.:ti 
jKirl  is  (^»nsnme4l  within  the  tlintrict  proclucui^  thr  oil    i).r  tv< 
iK'in^  M*nt  into  the  interi«»r  ot  Franix*  or  rxjiorietl  to  nr?,:h*«  r^rc 
conntries  aiul  llu-  colonicH. 

The  inijM»rt  tra<le  in  oIcaj^inouN  «<-nl%  i^  vi*r%  o»:iM'ic?j*'>  '-c 
t(»tal  t|nantity  ti|  the  ditferent  kindn  iin{Mftrte«i  «lunni:  l:-.r  x  -  a* 
is»n>  iK'iiiK  nearl\  .;. 5«* •.€«■•  nu-tnc  t|nintaN  Tlu-  c\^*t  ii^u-f'* 
lit  thrcliffrri'iit  kiii(t*«  ot  M*e<N  ini|M>rtr4l  ilurin^  th.it  wir  arr  *.-.  «  : 
in  tht*  toilitwiii;;  tahle.  whuli  ih  taken  :r<*i:i  the  i»t!i%:j'  <i*  <  « 
pnlilinluHl  h\  tile  ihainlK-r  ot  tiititiiifrii-  .it    M.ir^''r.r% 
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received  from  the  west  coast  of  Africa  and  from  England,  and 
the  latter  from  England  and  from  the  United  States,  the  quantity 
imported  during  1890  being  20,000,000  kilograms. 

The  most  important  importation  of  seeds,  etc.,  consists  of 
peanuts,  by  far  the  larger  quantity  of  which  arrive  shelled,  only 
about  one-fifth  of  the  total  amount  imported  having  the  shells  on. 
This  product  comes,  for  the  most  part,  from  India  and  Africa. 
Afterwards,  in  order  of  importance,  as  shown  by  the  quantity 
imported,  come  cocoanuts  and  palm  nuts,  sesame  from  India  and 
Africa,  cotton  seed,  shelled  peanuts,  cultivated  and  wild  rape 
seed,  sesame  from  the  Levant,  and  finally  linseed. 

The  official  records  of  this  city  show  that  during  1890  there 
has  been  an  increase  of  importation  as  compared  with  1889  of 
sesame  from  the  Levant,  shelled  and  whole  peanuts,  linseed, 
cultivated  and  wild  rape  seed,  cotton  seed,  poppies,  palm  nuts, 
and  a  few  other  kinds,  principally  Niger,  while  a  falling  off  has 
been  shown  in  the  case  of  sesame  from  India  and  Africa,  castor 
beans,  pulgheria,  cocoanuts,  mowrahs,  and  a  few  other  kinds. 
The  difference  between  the  increase  and  diminution  in  the  im- 
portation of  these  various  kinds  shows  a  net  increase  of  232,550 
quintals  during  1890,  as  appears  in  tables  herewith,  while  the 
amount  of  seed  in  warehouses  at  Marseilles  at  the  end  of  1890 
exceeded  the  quantity  so  stored  at  the  end  of  1889  by  43,450 
quintals.  ***** 

The  method  followed  in  extracting  the  oil  from  the  various 
seeds  imported  at  Marseilles,  the  cost  of  importation,  the  uses  to 
which  the  oils  are  put,  and  the  use  made  of  the  residuum  are  as 
follows : 

SESAME. 

Levant  sesame. — This  is  subjected  to  three  pressings,  the  seed 
being  cold  in  the  first  two,  but  heated  for  the  third,  in  order  to 
allow  of  more  oil  being  extracted.  Before  being  pressed  at  all 
the  seed  is  thoroughly  triturated,  to  allow  the  oil  to  come  away 
more  readily  under  pressure.  In  the  first  pressing  from  thirty 
to  thirty-two  per  cent,  of  oil  is  obtained,  and  this  oil  is  sold  at  from 
ninety  to  ninety-six  francs  per  100  kilograms  for  table  consump- 
tion. The  seed  is  now  thoroughly  triturated  again,  a  little  water 
— about  one  or  two  per  cent. — being  added,  and,  being  again  put 


550  MANrFACTl'RK   OF    VKC'.KTABI.K   CIIL5. 

underpressure,  yields  from  nine  to  ten  j^rr  cent,  oj  oil  ni  a  «^ii*>t% 
slightly  inferior  to  the  first,  but  which  is  still  «juitc  ^*nni  rn*  c;^:^ 
for  eating  purposes.  The  price  of  this  oil  vanc^  fn»in  Mr\r::t\  t* 
seventy-three  francs  |>er  loo  kilogranin.  After  lirini;  rrra-  .t^t 
from  the  press  the  seed  is  tmce  more  thoroughh  tnturatol  i:^ 
from  two  to  four  jHrr  cent,  of  water  is  addetl  to  it.  after  i^h  ^  h  -t 
is  heated  to  a  temperature  of  from  70'  to  .v>  C.  The  «»t!  trut 
now  comes  away  is  of  ver>'  inferior  quality  to  that  t>t<ar?>r\l  ^-^ 
the  first  two  pressings,  and  in  quantity  i^  fnnn  ten  t«»  rlr\rn  :cf 
cent,  of  the  weight  of  seed  originallx  put  into  the  pnr^  Tt..% 
oil  is  sold  at  from  forty  nine  tt>  fifty  one  franco  jicr  i<«»  ktl-v**'^* 
and  is  use<l  in  the  manufacture  of  M>ap.  The  rriiduum  :*  m^^tie 
into  oil  cakes,  which  are  umtiI  for  fettling  cattle.  an<!  are  ^-l  ',  1: 
frcmi  twelve  to  thirteen  fra!K*s  jkt  i<m»  kil«»gram%  The  x»*<  t 
transjKirting  this  seed  to  Marseillo  is  ironi  ten  to  fittren  ••1-^'% 
jKT  ton  of  i.iJCJo  kilograms. 

fudittn  aptd  .Ifman  unxmr.  -This  <«rrtl.    hke  the  ^c^virnc  \'^  an 
the  I^evant.   is  suhjectetl  to  three  prevMng--*.   in  the  hr^  Xm       t 
which  the  see<l  iso>ld  ami  in  the  thirtl  hcatitl     The  «>:'.  \  se^le*:  **. 
the  first  jiressing  is  not  so  great  as  in  the  tormer  qua*.:t\  •«•?  •rr*! 
the  amount  l»eiiig  from  tucntv  s<-ven  t<»  tuvnt\  ciicht  ;^f  ^etr     < 
tlie  weight  (»f   si-ed   |»rrss<Ml :    ami  il  1%  ^rrat!\  inUf*  r  \*\   ,  ;*    • 
l>i*iiig  solil  at  Imm  sixix   i\\«»  i»»  >e\riitN   Xwv  Iram^  \wr    :  •     i   » 
grams      It  is  UN<-t|.  aci'ordin^;  ti»qtialtt\    n'hvf  t'»r  ta^  V  :  ur';*  •*«-% 
or  f«»r  lamp  oil       .\ftcr  ln-iiig  tnturaloi  again    4?ui   bi\-r^  ••  *r? 
OIK*  to  t\\o|HTi*ent    ot  wattT  addinl    X\w  m-^-^I  !-»  a^  J*:t  prr-s^r  '     1  •• 
\  ii-lds  from  nine  ten  fH-r  iviil    <•!  till  111  a  tjualitv  ^It»:'..t'     :r:r"    -:* 
thchiNt.  and  wliuh.like  it    j^  ili  Hinud  v.thei  :•  r  i.*!:-^  :  .:  —  •*'<-% 
nr    lor   lamp  t  on«»innptn»n       Thr-*  .o!    :h  ^.M    at   vr.vt-*    'i*:^   -^ 
fri»msi\t\  tn«»i\l\   two  trat'i  *»  jH*r  i«»' kiloy^rar.i^       The  Mrx^r*.    1  *: : - 
luing  mixi-d  with  i\\«»  to  ^^^\\x  jiir  ivnl   oi  ii^  weic-'t  "t  •a!c-  .'*i 
heateti  li»  -«»  <»r  s«  ♦    C      i*»  "^iiltut  ti<!  l«»l}u*  third  attd  la*!  :  •r^*_-: 
trom  \\  hii  h  1  i^'^'t  "t  n;!*.*-  ik  :  «  vTit  ^t  »itl  in  .»Sta!t;oi    %%';•'     %  ^  .* 
at  !ti»in  torlv   !niu-  t«»  t.ltv   «iu     !t.»!u^   jh  r   :•*     V\\*  ^r  x**  *     4-         ♦ 
UN<*tl  in  the  inanutai  ttiTt    ••:    •-•a;«        Tlie    :i'*:tlijui»    1%   -;a.:        : 
»nl  lakes  t     t»>urtta\i\     '    \s  hu  h    .iri-    iiM-t*  jur   tee'l*.?»^  \  At*  i    t  •» . 
al****  a**  !ertili/eT        T!u*m  •  •.  1  <  .iV^*  ^  art   n«»t  quite  ^«  *:'•••*«  s  -  1    *' 
as  thi»sc  Itirmetl  ir«»m  the  :t  •^uhiir.:;  "I  the  '^evime  :r»»m  the  I.c    t  :^. 
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They  are  sold  at  from  eleven  to  twelve  francs  per  100  kilograms. 
The  cost  of  transporting  this  seed  to  Marseilles  from  the  countries 
of  its  origin  is  from  thirty  to  thirty-five  francs  per  ton  of  i  ,000 
kilograms. 

SHELLED    PEANUTS. 

These  nuts  are  subjected  to  two  pressings,  the  seed  being  first 
triturated  and  then  heated  to  between  70°  and  80°  C.  It  is  to  be 
noted  that  the  treatment  of  this  product  differs  from  that  to  which 
the  sesame  is  subjected,  in  that  peanuts  are  not  pressed  cold  at 
all,  but  have  to  be  heated  even  for  the  first  pressing. 

The  yield  of  oil  arising  from  the  first  pressing  is  about  fifty  per 
cent,  of  the  seed  crushed.  It  is  used  in  the  manufacture  of  soap, 
and  also  for  lubricating  purposes,  and  is  sold  at  the  rate  of  fifty 
francs  per  100  kilograms. 

POPPY    SEED. 

Poppy  seed  is  pressed  twice  cold  and  then  heated  and  pressed 
once  more.  The  seed  is  first  thoroughly  triturated,  and  yields 
in  the  first  pressing  twenty-two  per  cent,  of  its  weight  in  oil. 
This  oil  is  worth  seventy-two  francs  per  100  kilograms,  and  is 
used  for  table  purposes  and  also  to  a  very  considerable  extent  in 
the  manufacture  of  fine  paints.  After  being  crushed  a  second 
time  and  having  one  or  two  per  cent,  of  water  added,  the  seed  is 
pressed  again,  when  ten  per  cent,  more  oil  is  obtained,  which  is 
used,  like  the  first,  for  table  purposes  and  for  making  oil  paints, 
and  also  for  burning.  This  oil  sells  at  sixty  francs  per  100  kilo- 
grams. The  seed  being  crushed  again,  mixed  with  about  three 
per  cent,  of  its  weight  of  water  and  heated  to  a  temperature  of 
from  70"*  to  80°  C,  yields  in  the  third  pressing  seven  per  cent, 
of  its  weight  in  oil,  which  is  used  almost  exclusively  in  the  man- 
ufacture of  soap,  and  is  sold  at  fifty  francs  per  100  kilograms. 

The  residuum  is  made  into  oil  cake  and  is  sold  at  11  to  1 1.50 
francs  per  100  kilograms.  This  oil  cake  is  used  for  fertilizing 
purposes.  The  cost  of  shipping  this  seed  to  Marseilles  is  from 
thirt3'to  thirty-five  francs  per  ton  of  1,000  kilograms. 

LINSEED. 

Linseed  is  subjected  to  two  pressings,  in  the  first  of  which  the 
seed  is  cold  and  in  the  second  heated.     The  yield  of  oil  in  the 
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first  pressing  is  twenty-two  per  cent,  oi  the  weight  oi  the 
and  the  oil  obtained  is  used  (or  tal>]e  purpoiies.  heing  mM  at  rr  «i 
sixty-two  to  sixty-three  francs  per  too  kilograms.     Attrr  !«^^ 
triturated  a  second  time — it  having  heen  trituratetl  a^  UMial  t«:  rr 
the  first  pressing — the  seed  receixTS  the  uAual  additu»n  i>t  a^w^t 
two  per  cent,  of  its  weight  of  water,  and  is  heatni  to  a  trm;<m 
ture  of  from  70^  to  80'  C.  and  is  aften»*ards  again  placrO  t=  iht 
press,  when  it  yields  ten  percent,  of  it«  weight  in  « tl  ci  aa 
inferior  quality,  which  is  chiefly  u?(cd  in  the  manufainorr  «>:  «ap 
The  residuum  is  made  into  oil  cakcn.  which  are  ot  Mi{vrH>r  «^;^ 
ity  to  those  produced  in  the  pressing  of  any  other  kind  <*t  «ec^ 
They  are  useti  for  feeding  cattle,  and  are  9tAd  at  fnmi  Mxtrre  tu 
seventeen  francs  per  i<k>  kilograms.     The  cost  «>t  tran^f»<t:fl^ 
linseed  to  Marseilles  is  fnmi  thirty  tn  thirty-fi\-e  fram^  prr  i.<t  u| 
i.(XK)  kilograms.  , 

Cri.TIVATEI>    a\PK   SKKI>. 

This  see<l  is  pressed  twice,  once  cold  ami  once  heated       I:  ^ 
in  the  first  {Aacv  thoroughly  trituratefl.     The  fira  prr^tMni;  ad  <\fi« 
twenty-two  |>er  cent,  of  oil,  which  is  sold  at  the  rate  «»!  ^^t*  ^-^t 
franoi  |K*r  km)  kilogram>.  for  lamp  oil      After  lieing  tnt\ci£  «-t^ 
Iniin  two  to  f<mr  jht  i*ent.  of  water  an«l  heatni  ti»  7«»*  t*f  v  '  ^ 
twelve  or  thirteen  per  cent,  of  oil  of  an  inlentir  «|ualit\  :%c\!Ti.*r«! 
which  is  Used  in  the  manufatture  <«f   ^up    ami  \%  w*M  a!  ?"t 
franco  |ht  i<h>  kilograms 

Oil  rake  in  made  from  the  residuum,  and  \%  ^^U\  ^•f  ?rr«?  ^i 
i-attle  at  ten  Irano  |ht  i«»»  kiI«»K''^>*i'*  The  t'»*t  <»i  lex;*  *••.  t^ 
Ta|K'  s<-fd  at  Marsi-illc**  tri»in  the  onintrie^  %ihrfr  it  1*  ^t*^-  % 
Iroin  thirt\  t<»  llnrtx  t'lxe  Ir.iiu'*  |«er  x*tu  **l  1  »»■'  k:iiij?a?ti% 

Mil  It    M  Vl*»     s»  1^  t> 

Will!  r.ijK"  Mffi  i"*  tntiir.itol  aiul  heatnllictore  i<r:n|j  put  i-..jr- 
thi-  press  The  tirst  |»rfssm^  results  in  a  \ieM«»!  a^«*ut  >'crtr^-5 
]H*i  leiit  <»t  Ml!  whith  is  siiM  tor  inixiti|(  pur^ak^c^  at  the  *a!r  t 
h!t\  lliree  t«»  tiit\  l«»in  Iraius  |H'r  !»•»  ktl«»>:r4ms  T^  «»x«  ml 
prt'sNuiv:  .liter  llir  iisii.il  tntur.itioii  additi«»ii  «»t  t»\»  t*^  >  mt  ;«-• 
letil  «•!  w  .iti  r  .III. I  rihiatiii);  U*  7' »  or  ^"  C  .  ic!\r^  J»*nh  r-^iS 
{KTieiit  <<ttiil  iTt  .i«!ti!i!i>ii  wliuh  l*ein^  «»t  sli|»hll\  !nrr?>e  t=>a 
it\  t»»  the  < 'I I  first  •»*•!. 1 11:1 «!  i<«  si.itt  .it  ti:t\  tr4TK*^|irr  1  ■■  k:*^-»a«. 
atitl  is  us<-tl  !«>!  iiLikin^  s...i|. 
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As  in  the  case  of  most  of  the  other  oils  mentioned  in  this  report, 
the  residuum  goes  to  make  oil  cake,  which  is  used  as  a  fertilizer. 

This  seed  does  not  cost  so  much  for  transportation  as  those 
hitherto  mentioned  (sesame  from  the  Levant  excepted).  It  is 
shipped  toMarseilles  at  a  cost  varying  between  twenty  and  twenty- 
five  francs  per  ton  of  i  ,000  kilograms. 

CASTOR   BEANS. 

Castor  beans  ate  subjected  to  two  pressings,  after  being  first 
thoroughly  triturated.  In  the  first  pressing  the  seed  is  cold,  and 
the  yield  obtained  is  about  thirty  per  cent,  of  the  weight  of  the 
seed.  This  oil,  which  is  used  extensively  for  medicinal  purposes, 
is  sold  at  an  average  price  of  sixty-five  francs  per  100  kilograms. 
The  seed,  being  triturated,  watered,  and  heated,  as  described 
above,  yields  in  the  second  pressing  from  eight  to  ten  per  cent, 
of  an  oil  inferior  to  that  first  obtained,  and  is  sold  at  fifty-eight 
francs  per  100  kilograms.  This  oil  is  generally  used  for  lubri- 
cating machinery.  , 

The  residuum  is  formed  into  oil  cakes,  which  are  used  for 
fertilizing  purposes,  and  are  sold  at  from  9  to  9.50  francs  per  100 
kilograms. 

The  cost  of  transportation  to  Marseilles  is  from  thirty  to  thirty- 
five  francs  per  ton  of  i  ,000  kilograms.  * 

EGYPTIAN    COTTON   SEED. 

This  seed  is  thoroughly  triturated  and  then  pressed  twice.  In 
the  first  pressing  it  is  cold,  and  it  yields  from  ten  to  twelve  per 
cent,  of  its  weight  in  oil.  This  oil  is  destined  for  table  purposes, 
and  especially  for  mixing  with  olive  oil,  as  it  is  perfectly  taste- 
less ;  and  for  this  reason  many  people  also  avail  themselves  of  it 
for  frying.  It  is  sold  at  from  eighty  to  ninety  francs  per  100 
kilograms. 

The  oil — from  eight  to  ten  per- cent,  of  the  seed  in  quantity — 
obtained  in  the  second  pressing,  after  the  usual  regrinding, 
watering,  and  heating,  is  of  very  inferior  qualtity,  and  does  not 
bring  a  higher  price  than  about  fifty  francs  per  100  kilograms. 
It  is  out  of  the  question  to  use  this  oil  for  eating  purposes  (nor 
can  any  of  the  "' huiles  a  fabrique,''  or  oils  obtained  after  the 
seed  has  been  heated,  be  used  for  this  purpose),  and  it  is  accord- 
ingly utilized  for  the  manufacture  of  soap. 
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The  residaam  is  made  into  oil  oaken,  which  are  wUI  i:  !r9 
francs  per  lOO  kilograms,  for  fcetling  cattle  ami  k»r  lrrttl*r:nx 
purposes. 

The  charges  for  the  importation  of  I*!gy|>tian  cott«»n  mcr^i  :-.^l 
Marseilles  are  ver>'  low,  not  lieing  above  ten  to  clc\cn  frar.^-  ;«* 
ton  of  I. ooo  kilograms. 

nic;kk. 

Niger  is  first  triturated  and  then  pressed  cold.  The  \ics«:  i^ 
about  eighteen  per  cent,  of  the  weight  of  the  <«cv«l.  an«l  th<  <xl 
so  obtainetl  is  sold  at  an  average  priix*  of  alH»ut  Mxt\  hw  tri**.-^ 
|K'r  loo  kilograms,  for  mixing  puqM)?ir<». 

After  iMring  reground.  watered,  and  heatcti  a*  lirf«»re  tlc^r:**** 
a  further  yield  of  fourteen  per  cent,  i^  obtainrtl.  the  i^tl  wh-^i 
comes  away  lieing  usimI  f«tr  S4)ap  making.  fi»r  which  pur|f«Mr  -a  =« 
sold  at  fifty  francs  |xrr  loo  kilograms. 

The  resifluinn,  as  in  the  case  of  the  other  '«-cet!*.  t*  r:j«!c  '-^» 
oil  cakes,  which  arc  sold  a^  fcrtili/cTH  f«»r  alHiut  nmr  j?vl  i  hil! 
francs  |Hrr  nw>  kilograms. 

i>t'I.C'.IIKKI\. 

After  trituration  it  is  hcatcti  l»efi»rc  ln-in^  prr^^ci!  Th<  ••*? 
pressing  re«*ult>  in  a  yield  of  tuent\  \n:r  i-rnt  ••!  •^.*.  » *•  ;  • 
ummI  in  the  manufacture  of  viap  .\fter  l>ci:i>:  !r!tu?A!f':  i^x  - 
and  then  w.itered  and  he.itetl  as  unual  ten  t<»  lwrl\c  •.<■-  .\- 
more  c»il  is  olitainetl.  uhich  is  nvarK  a^  ^«iii«{  a^  the  r.?<  ir*-*  -.m 
destined  f<»r  the  s;inie  um*  The  \*><  «•!  the  ti*!  .  •  •>.<-  •< 
pressing  is  fifty-three  franco  anil  th.iloi  the  '<'^^ind  !n  r-.  •.-:•  :»- 
to  fifty-three  franco  per  i«»»  kilogrum!^. 

It  will  lie  noticetl  that  \%hen  seed  is  n<H  prr^se*!  o»Id  x\  j*  *  -rt 
is  heatetl  forlM>th  the  first  atui  s<i*ind  prexsiiiijN  ihv  \a'. -c-  *. .•< 
oils  resulting  fr«»ni  Uith  these  are  nvurU  the  xiinr 

The  residuum  i«»  iii.idf  int«»  oil  t  .ike<«  \«hi«h  j?r  uw:  i* 
U-rtili/rr 

C«Ki»anut«*  atr  prrsM-tl  iwiiv     lirinj;  hratol   aiul  tT!!ur -:  v  ■    ^r 
f.irh  prevsing.      Tht-  t«»t.il  \  uM  «•:  m!  s%  tti»tu  *i\t\  !«•   t     *  %t% 
fiuir  |»er  i-enl  .  and   it  i**  "-'M  !*»r    ^Mp  niak'.nji:  j!  a  v^-^  » •:   '.-ex 
fort>  five  to  tort>  eight  truni^  {««-!  i*«*  kdt>grjms 
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The  residuum  is  made  into  oil  cakes,  which  are  sold  as  food 
for  cattle  at  a  cost  of  eleven  to  thirteen  francs  per  lOo  kilograms. 

PALM    NUTS. 

Palm  nuts  are  pressed  twice,  being  triturated  and  heated  for 
each  pressing.  The  total  yield  is  from  thirty-eight  to  forty-two 
per  cent,  of  the  weight  of  nuts  pressed,  and  the  oil  is  sold  at  fifty 
francs  per  loo  kilograms,  and  is  used  solely  in  the  manufacture 
of  soaps. 

The  residuum  is  made  into  oil  cakes  of  an  inferior  quality, 
which  are  used  as  food  for  pigs. 

MOWRAH. 

This  seed  is  treated  with  two  pressings,  and  has  to  be  triturated 
and  heated  each  time  before  being  pressed.  The  total  quantity 
of  oil  obtained  is  from  thirty-seven  to  forty-one  per  cent,  of  the 
weight  of  seed  pressed,  and  is  sold  at  the  rate  of  fifty-five  to 
sixty  francs  per  loo  kilograms,  for  the  manufacture  of  stearin. 

The  residuum  is  made  into  oil  cakes,  which  are  of  a  poor 
quality,  and  are  sold  at  three  to  four  francs  per  loo  kilograms, 
for  manure. 

OIL   FACTORY   STATISTICS. 

In  order  to  give  some  idea  of  the  importance  of  the  oil  industry 
here,  and  the  position  it  occupies  relative  to  the  other  chief 
industries  of  the  town,  the  following  table  is  submitted.  It  is 
taken  from  a  report  on  the  commerce  of  Marseilles,  and  shows 
the  ten  most  important  industries,  as  indicated  by  the  number 
of  hands  employed.  Where  possible,  the  figures  of  the  exporta- 
tion of  the  respective  goods  have  been  annexed. 


Industry. 


Oil  mills 

Tile  factories  . . . 

Brasieries 

Sugar  refineries 

Soap  works 

Tobacco  factory 

Tanneries 

Cooperagres 

Ironworks 

Flour  mills 


Exports. 


36,950.000  kilofi^rams. 
Si. 107.000  pieces. 


75.000.000  kilog^rams. 
105.000.000 


5H6.000  quintals. 


;    No.  of 
factories, 


45 
99 
3r 

90 
I 

25 
106 

2 

q6 


Hands 

em- 
ployed. 


3.000 

2.500 
2.000 

i.Soo 

1.500 

1.500 

1 .350 

1.340 

903 
800 
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PROCESS  OF    MANrFACTl'RK. 

In  the  system  of  presses  at  present  in  use  in  MarMrtlW^  :be 
following  is  the  process  of  manufacture  for  oil : 

The  seeds  are  first  put  in  a  mill,  where  they  are  tbofrxichlT 
lriturate<i  by  means  of  two  upright  stones  or  n>llrrH.  the  •*>'«rct 
of  this  process  l>eing  to  allow  the  oil  to  lie  more  rea<lit>  expfr^vi<xl 
The  seed  so  crushed  is  then  divided  into  several  flcxiluc  «a«.k% 
or  baskets  made  of  esparto  grass  and  hor^iehair.  and  callo!  :9 
French  **scourtins/*  and  these  are  placed  one  under  am^brr 
with  plates  of  iron  between  them,  in  the  press.  Whm  pfT"%*crr 
is  applied,  the  oil  forces  its  way  thnmgh  the  baskets  and  6^ym^ 
down  their  exterior  surface  into  a  receptacle  placed  bebn*  tbr 
press  for  the  purpose  of  receiving  it.  Often  beiore  the  prr^ttaic 
is  terminated  the  action  of  the  press  has  to  be  !4apfieti.  cm  tec  ^ 
some  of  the  scourtins  lacing  pressetl  more  on  one  Mde  ihaa  *-m 
the  other,  so  that  they  have  to  l)e  readjusted  liefore  the  opera! >.^ 
can  Ik'  continueti.  Care,  moreover,  has  to  tie  taken  noc  to  excr*^ 
a  pressure  of  aliout  250  kilograms  per  square  centimctrr  t^-zMl 
(roughly)  to  31 J  cvris.  |Hrr  square  inch,  as  the  i«ccHirtia^  »*.3 
burst  if  straineil  to  a  higher  extent.  A  drawing  of  the  %%<r=i 
tlescril>ed  al>ove  is  herewith  submitted  (  Fig    1  \ 

KSTRAYKR'S   CVI,IM>KR. 

I    have   allude<l    at    some    length    to  the  <v^em  of    per-^.-r^c 
actually  in  use  for  the  purpose  of  com|ianng  it  %iith  a  or»  %i% 
tem  of  oil  press  inventetl  in  MarM'ille^.  ft»r  %khich  a  t'nitc^!  StAtc^ 
patent  has  lieen  applieti  for  ( Fig.  2). 

This  invention  ctMl^i^ts  of  a  cylinder  for  oh\x  01!  j 
presenting  the  double  ailvantagi-  of  <  1  )  doing  ai»j\  « 
"Mxuirtins.**  or  hor<-hair  vick«».  \*hu-h  arr  rr|»lair*!  !»%  %».-TT-3rfc 
<»f  the  same  snl>staiun\  bv  ineaiiH  o(  uhiih  the  inxrot^'^e  .  1  r=::% 
thai  an  cctniniiiy  <i|  a^  nuuh  a^eightx  t»r  nmct\  j^r  ix-r?  r.^*  *«• 
n-ali/i-tl :  (j)  a  >  icUl  o|  oil  hi^hlv  >u|>cnoT  l*»  that  i^^Ar^ol  "  ^ 
all  H\  Ntfins  t»f  prvvsc's  cniplovn!  up  to  now 

The  i>  lindcr  aU»vr  nicntioncti  i>  fi\cil  ti>  a  ca^  m^n   ?*i?:«r 
>up|w>rted  on  flan^vd  whi-rU.  b>    nican^  «»t  whuh   it  xan   ^«-  *^x 
uj>on  a  truck  («»h«»\%n  in  Fig    2).  ami  thi*  truck  rutt%  *>fi  1  ?-*^  4 
before  the  prevMrs.      H>  thi^  mean^^  the  cylinder  can  lie  ittt  cj 


-  •  >  -        » 


Fif.  I.— Ordinary 
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the  truck,  tlie  truck  moved  till  it  i%  (i|iii<Hitr  an*  fme  ««i  '^ 
presses,  and  the  cyliiuler  run  «ifl  unik-r  tht  i«e-»>  ii>r  Ihc  j-ur;-- 
of  pressing. 

In  cross  section  the  cy1iii<k-r  !•«  octaK'^'^I  i>n  the  m«:'li    i- 
circnlnr  on  the  ontside  <Fit!s.  4  a"'l  '•>■  antl  1-  onii|>r-cil  ••:  ti: 


M-p.n.ite  ^xH'i-nl-  <>|  stixl  v»huh  mrri  »itli  W\ele»l  f>it;c-« 
,t  4  *  *'  ?  -I'i'l  ■"  "'  l""i:  I'  .iiiil  ■■n  then  <HHrf  i!f%  ulif  * 
IiK-M-iil  .1  »tiu-.  .-I  11U  !n»-.|  pUiH".  \J  J  J  in  hi<  m  ■•: 
ni.intit'i  thjt  \\\\v\\  till-  I'H— .iitv  1.1  tile  k'*""*  '•>  lt»r-.K.«! 
e\ti-n'.i  Mi-t-l..i^  .K  It  <n  hiK  K\  whi.h  .HI  11*  !ntr! 
o.n.  .IM-  -\>\v  \-  .  lit  m  ^nilj.i-.  !••  .ii(tr-I"n».l  with  'J.r  Tr; 
pl.nie-  on  tilt  L-\ti-iu>i  <■■  the  M.->;iuent<    iuu%t  W  t4Ii«\!  ver 
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Fig.  3.— A.  Kstrayer's  oil  press ;  elevation. 
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descend,  these  rods  having  a  screw  turned  on  their  extremity, 
which  is  acted  on  by  a  female  screw  on  the  interior  of  the  pinions. 
These  four  rods  are  bolted  to  the  exterior  of  the  case  (Fig.  7) 


Fig.  t.—A.  Batnyer'a  preu ;  croiit-wctlon  from  below. 

and  raise  it  with  them  till  its  top  is  level  with  that  of  the  cylinder, 
I.  e.,  the  outer  case  will  be  raised  fifteen  millimeters,  or  about 
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three  fourths  of  an  inch.  :i:wl  it  wi'.I  then  U*  \u  the  p> 
indicnti'cl  by  the  (lotted  lino*^  in  Fiv:.  ^  Whru  lUv  <Ksterc 
in  this  |)ostt ion  the  ciy^ht  M-i^nu-nt^t  t>:*t|>r!^:!i^  thv  '~\!iiidtf;l 
no  longer  in  omtart  with  thi-  outi-r  cihc.  w:!!  !.i!I  ^!:>:lltljri 
atul  the  plates  atn!  hair  s<Tet  ii**  niie«»«*;ir\    S-r   tlsr   :  itiTM 


1 .. 


\    I  ■  r  ■  '  ■■ . 


■•1 


llle  oil  r.ikr    .i**  we!!  .1-   !h«     •■'.   i.ik.i'*   t^.TV-Mtw-^    \*     '    hr  • 
t\traite«l  !!iMii  ihi-  ti'j*  ••:  tV.*   ^  \  ':!:U?       T'.u      \\  %:  v  A!«fv< 

in\'etltl«*n  0»n"»lNl^  i.I    tin-  '*\'»!i  ••:  ••:    •::•  !':u>!    ]'*ji:r^    ru! 

ciiljrU  nuini!  the  luti  !:«•!  •:  !.•    ■■;'.!»•!      .1^*   4v..;   a. in 


ciirreH|MUiiitn^  uuhne«l  |i!.i::« 
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forming  the  cylinder  for  the  purpose  of  tightening  them  before 
the  oil  cakes  are  pressed  and  subsequently  allowing  these  seg- 
ments to  be  loosened,  so  that  the  oil  cakes,  iron  plates,  and  hair 
screens  may  be  removed  without  difl&culty  or  friction.  The 
inventor  has  reserved  to  himself  the  right  of  raising  the  outer 
case  for  allowing  the  segments  to  fall  slightly  apart,  either  by 
hydraulic  pistons,  or  by  eccentrics,  wedges,  or  cams. 

On  each  of  the  beveled  faces  forming  the  sides  of  the  segments 
of  the  cylinder  there  is  a  semicircular  groove  running  from  top 
to  bottom  of  each  of  the  said  beveled  faces ;  and  the  segments 
being  brought  close  together  so  that  the  beveled  faces  are  tight 
together,  as  at «,  «\  a^,  a^,  a^,  a^,  a^,  a^,  in  Fig.  4,  the  semi- 
circular grooves  come  opposite  one  another  and  form  eight  cir- 
cular conduits  running  from  top  to  bottom  of  the  cylinder  between 
the  eight  segments.  The  ends  of  these  conduits  are  shown  close 
to  the  letters  a,  a\  a^,  etc.,  in  Fig.  4,  referred  to  above. 

The  inner  face  of  each  of  the  segments  (/.  e.,  the  face  forming 
one  of  the  eight  sides  of  the  interior  of  the  cylinder)  is  grooved 
with  parallel  channels,  which  slope  downwards  from  a  line  drawn 
down  the  middle  of  the  inner  face  of  the  segment  (d,  in  Fig.  5) 
to  its  outer  edge,  where  they  fall  into  the  conduit  between  the 
beveled  faces.  Over  these  sloping  channels  there  is  placed  a 
series  of  steel  plates  (e,  Fig.  5),  these  plates  being  five  milli- 
meters wide  and  five  millimeters  thick  and  running  from  top  to 
bottom  of  the  cylinder,  completely  lining  its  interior  surface. 
The  plates  slide  in  grooves  at  the  top  and  bottom  of  the  segments, 
and  the  two  outer  plates  in  each  segment,  /.  e.,  those  next  the 
beveled  edges,  are,  in  addition,  held  by  screws  at  intervals  from 
top  to  bottom.  The  sides  of  these  plates  are  beveled,  and  they 
are  placed  close  side  by  side  all  round  the  interior  of  the  cylinder, 
with  a  space  between  them  of  not  more  than  one- fourth  of  a 
millimeter  or  thereabouts,  as  shown  in  Figs.  5  and  7. 

When  the  apparatus  is  under  pressure  the  oil  squeezed  out  of 
the  oleaginous  matter  passes  between  the  steel  plates,  falls  into 
the  sloping  grooves  behind  them,  and  flows  through  these  into 
the  upright  conduits  between  the  beveled  faces,  which  convey  it 
into  the  receptacle  K,  this  receptacle  being  provided  with  a  draw- 
off  tap. 
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In  order  that  the  sloping  channels  an<l  the  stctrl  platen  :r.  rr  tt 
of  them  may  l>e  cleaned  without  taking;  the  cylinder  U*  ;«to  t^* 
a  slidiuf^  piece  has  iK'en  providetl.  which  is  plaix'tl  in  the  iT*:vr 
of  the  groovetl  plate  hohling  the  up|Hrr  en<U  of  the  <rt!  j-.-itr* 
in  each  sejjment,  thi>  sli<lin)j  piece  lieinj:  held  in  it**  plxr  •  •» 
means  of  a  sunk  screw  (see  v.  t.  t.  in  Fi>:.  4}  <  hi  Txr:^  .-^ 
this  slidiiif^  piece  a  hole  is  disclosetl.  thniu^h  mhich  the  <cr! 
plates  may  Ik'  taken  out  one  after  another,  thu^^  Icax^n^  •.-jc 
sloping  channels  hare. 

The  chief  features  of  the  invention  will  lie  %crn  i*n  a  *>-•  rt 
insiK'ction  of  plans  4  and  S  and  paragraphs  ;;  antl  ^  W^n  i 
the  manner  of  working  Hstrayer  s  press,  and  may  lir  Mjm=iAr-..-r«l 
as  follows  :  The  invention  consists  of  two  cylinder^,  oor  :?:%;*** 
the  other,  of  which  the  outer  acts  u|fon  the  inner  h>  mra:rt«  <  t 
series  of  inclinetl  planes,  the  inner  c>linder  Itrtni:  o»tapi*«rvI  t 
eight  segments,  which  either  close  up  tight  t«>grther  «»€  ^-j-antr 
slightly,  according  as  pressure  is  exercisctl  or  rrtmnT^l  b%  !br 
{Mtsition  of  the  <mter  cylinder. 

The  resistance  of  the  apfKiratus  in  calculatnl  for  a  prr%%c*T    « 
500  kilograms  \k'T  S4|uare  ix-ntimeter  -  sav  three  ton%  thrrT-  v^i*.* 
two  quarters  [ler  Mjuare  inch    -whereas  other  prrvc^  :krT'  c-.i  -r 
to  stand  a  prevsiire  of  aNive  .^v>  kilogram**  per  ^|U4rv  *rr.!-r:  •  - 
or  two  tons.  f<mr  cwts..  one  quarter  |>er  M|U4rv   nuh    m  t*  •;; 
some  part  of  the  mechanism  l>eing  Mrametl. 

The  manner  of  working  Hstra\er*«»  previ  1%  a*  t«»llom% 

( I )  The  w*»rking  of  the  cage  i>  e\tremel\  Mmpir  It  :*  *^  w  ▼•: 
on  a  truck  running  cm  a  rail  track  lirf«>rr  the  prr^^^  ^r>[  •.  »c 
cvlinder  itsi-If  runs  on  rails  on  the  truck.  thcMr  latter  Ta:l%  '*■  — ; 
at  right  angles  to  tho^i*  on  which  the  truck  t\in^.  :hvi*  % -.1  .  • ., 
the  c\linder  to  Ik*  brtrnght  on  the  truck  l*i*t«»rv  an\  *»f>c  •  '.  *- 
prcNS4«s  .niul  run  off  tin*  track  un«ler  the  prr%% 

(  2)  Thr  fir«*t  prec.iutJon  to  t»f  oltM-rvetl  i^  U^  mcx  thit  tSr  '.v- 
taM»  iiulMNUik:  the  <*n  hnder  is  ;is  low  an  p<*kmMc  xtu\  th  it  tNc  r  ,  *r 
si-gnu-nl>  lormiiig  thi-  c  Niimlrr  arr  in  th«»r%>ugh  a?>*!  «.  %«c  ^'  r  t  »,  •■ 

I  ;)  The  cxhndir  ih  iu\t  hrou^ht  un«ler  the  prrjurit-  ?>  -r-  -w^ 
whuh  is  orstructtd  U*r  Xhv  purp«*M:  and  i«»  pn»\ido!  »••.*  ••• 
pisloijH.  one  l»elo\\  .iiiiiji^  up\%ar«t*«  and  one  a!**^  a^^iti^  '^  •- 
wards.      (The  prep4r.ilMr\  j.ri-xs  is  shoun  at  the  Wtl  hand  »a.*c  » 
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of  Fig.  2,  behind  the  truck).  The  first  or  lower  piston  is  de- 
signed to  discharge  the  cylinder,  i,  e,,  to  force  the  oil  cakes  up 
out  of  it ;  the  second  or  upper  piston  serves  to  ram  down  the 
matter  to  be  pressed,  in  order  to  make  room  for  more  layers  of 
matter  by  subjecting  it  to  a  pressure  of  100  kilograms  to  the 
square  centimeter — ^say  1,422  pounds  to  the  Square  inch — before 
the  cylinder  is  placed  under  the  extracting  press,  where  the  pres- 
sure exerted  is  500  kilograms  to  the  square  centimeter — say  three 
tons,  three  cwts.,  two  quarters  (slightly  under)  per  square  inch. 

(4)  The  loading  or  filling  is  effected  in  the  following  manner : 
The  lower  piston  is  raised  to  within  fifteen  or  twenty  centimeters 
(seven  or  eight  inches)  of  the  top  of  the  cylinder ;  a  hair  screen 
is  placed  on  the  piston  (the  screen  having  the  same  surface  as 
the  piston  head),  and  the  quantity  of  seed  or  matter  necessary 
for  making  one  oil  cake  is  poured  on  the  screen,  this  quantity 
being  regulated  by  a  measuring  drawer,  which  forms  part  of  the 
preparatory  press ;  on  the  top  of  the  matter  a  second  hair  screen 
is  placed,  and  above  the  screen  a  plate  of  laminated  iron  five 
millimeters  (0.197  inch)  thick  and  of  the  same  diameter  as  the 
cylinder;  on  the  top  of  this  plate  another  hair  screen  is  placed, 
another  equal  quantity  of  matter  is  poured  upon  it,  and  so  on, 
repeating  the  operations  already  described  till  the  cylinder  is  full 
of  matter  to  be  pressed,  lying  between  plates  of  iron  having  on 
either  side  of  them  hair  screens.  As  the  loading  proceeds  the 
piston  is  lowered  till  the  cylinder  is  full,  when  the  upper  piston 
is  lowered  to  ram  down  the  matter  already  placed.  The  piston 
is  then  raised  and  the  space  obtained  by  the  ramming  of  the 
matter  is  filled  up  with  new  layers,  and  this  is  repeated  till  the 
cylinder  is  perfectly  full.  The  number  of  layers  will  be  about 
twenty  to  twenty-five,  and  their  total  weight  eighty  to  100  kilo- 
grams (one  cwt.  two  quarters  to  two  cwts. ) . 

(5)  The  loading  being  finished,  the  cylinder  is  run  upon  the 
truck  to  be  placed  under  the  extracting  press  for  the  high  pres- 
sure to  be  exerted  in  order  that  the  oil  may  be  forced  out.  This 
pressing  terminated,  /.  e.,  thirty  to  thirty-five  minutes  later,  the 
cylinder  is  run  under  the  preparatory  press  again  and  in  the  same 
position  that  it  occupied  during  the  loading,  care  being  taken  to 
raise   the  outer  case,   in   order  to   loosen   the  eight  segments 
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composing  the  cylinder  l)eforc  c^mimcncinj;  to  unIoj«l  jin<i  -^txt  tSr 
necessar>'  freedom  for  the  extraction  of  the  oil  caki-s  THc  I«i»«rr 
piston  is  then  raise<l,  and  the  oil  cakes  are  taken  •»!!  a%  th*-* 
appear  alK>ve  the  top  of  the  cylinder.  When  the  Ia<  i*  tA&r? 
off,  the  onter  case  is  loweretl  to  ti>;hten  up  the  M.-vtnrnt*  *-^ 
the  loading  is  recommenced  as  in  4. 

(6)  The  o|KTati<ms  of  loa<iing  and  unl(»a4ling  take  a^»'U!  r*^'::t 
or  ten  minutes,  so  one  pre|>arator>*  press  may  Mrrve  thrrv  '^  !•  -i? 
extracting  presses. 

The  construction  of  the  cylimler   is  extremeU    MtnpJc      TSe 
normal  working  pressure  is  s^w^  kilograms  jxrr  M|uarr  crr.!i:=ir*rr 
— say  3  tons  3  cwts.  2  quarters  t«>  the  sipiare  inch       An  mtrr^  -f 
movement  allows  of  the  cylinder  lH*ing  enlargcti  in  diameter    tn^l 
the  movement  by  which  this  is  elfecte<l  is   \xt>    Mmplc       T^ 
diameter  Inring  enlarge*!,  the  oil  cake«*  are  no  hniger  m  tii*»  »^  c 
tact  with  the  sides  of  the  cylinder,  and  thev  can  thrfr^'rT  V 
removed    without    effort.     This    is  a    verv  |vil|wiMe    ati^aatic^ 
over  all  other  systems  of  oil  presses.   InvauMr  in  thctr    oa*r    a 
pressure  of  from  f«irty  to  fifty  kil«>gramH  i^-r  Si|uare  tx-nttortc* 
say  569  to  71 1   |W)unds  |K»r  s<juare  inch     ami  <»t;cn  nv*rr    :%  't 
quired  in  onler  to  forix*  out  the  oil  rake    which  cju^c^  j  kt** 
delay   in   the  discharging   of  the  pre^^s    and   1%    a!%»»    r«trr-if-   • 
injurious  to  the  apparatus  on  aiouint   ot    the    in*  ??«*ti     m  *.     1 
causi's  an  enormous  amount  of  wr.ir  an*!  tear  jTid  trojurnt  *<t:4 
ages  of  the   parts  destined  fi»r  the  pasvi-^v  •»!  the  oil.   «»r  r*^    it 
olistruction  of  thein  n<>  ^real  that  the  *»r.  can  **z\\\  f!'*m  i«  i«  «  :^ 
tile    ^^reatest   difhcultx  .      Witli    l.^traxer  *»  ^\*tcr;   it    -^   ..1  -ff! 
that  all  these  ditVuulties  are  aUili^hed    and  the  j:»tn?i*ti%     1     *«- 
tlisihargeil  and  reloa<led  in  »<*\en  or  eJi-hl  minute* 

Seeils,  etc.,   such  as  sesame.  |RMnutH.  |i>»|*f>\     Nia:r*    r»  •        t* 
lie  pressetl    without  an\    previ«>u«»   tritur.iti«*n    m    «»ne    ;«rr^»  -^ 
whieh  |H*rinit'»  of  oil  uf  a  |H.-reeptihl\   tiiu-r  quaht\   tirr:^.  *<;  --•: 

The  Meld    iti  the  tir^t  prex^iiih;  o!    Iiitlian  '^•xaiti      %  j'%  -*.:  '  .-• 
jH-r   rent  .     uheieaN  tlie    U-^t    niatiutavt^rte'*  at     \|jr»»        -* 
ol.tain  .1  \  ield  of  .it-Mil  ihirtx  |H'f  ixnt      There  ;*  a  kjAir?    !\r***     ■ 
oi  ten  j»er  lent    «»l«nl.\\h:ih   at  a  oM  oi  twviitv   t"i\r  trarv.-*  rir-      • 
kiiOt^rams     shown  a   i:.iin  oi  .•  n.»  Jraiu*^   ti»T  everx    :  •    k  '  v'?"  * 
of  scrtl  pres<*etl       !k'si«le»'  til!**    there  i-*  the  ec^n^-rtx  ^-^-ta-TK'^ 
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the  doing  away  with  the  hair  sacks,  the  increased  value  of  the 
oil,  and  a  considerable  saving  in  the  amount  of  labor  employed. 

For  the  manufacture  of  cotton  oil  the  seed  must  be  slightly 
crushed  before  pressing,  but  not  so  much  as  with  the  presses 
employed  in  America.  The  oil  will  be  of  better  quality.  Experi- 
ments have  been  made  with  Egyptian  cotton  seed,  and  one 
pressing  afforded  a  yield  of  from  17.5  to  18  kilograms  per  100 
kilograms  of  seed,  when  other  presses  gave  only  13  to  13.5 
kilograms.  In  practice  it  will  be  unnecessary  to  press  the  seed 
twice  over,  for  the  power  of  the  press  and  cylinder  is  such  that 
the  same  amount  can  be  obtained  with  one  pressing,  by  leaving 
the  seed  in  the  press  a  few  minutes  longer,  as  the  ordinary  presses 
will  afford  in  two  pressings,  in  the  first  pressing  the  seed  being 
cold  and  in  the  second  heated;  and,  moreover,  all  the  oil  ob- 
tained with  Estrayer*s  press  will  be  of  the  first  quality,  whereas 
that  5rielded  by  seeds  after  they  have  been  heated  (known  as 
*  ''huile  dfabrique  *  * )  can  only  be  employed  for  industrial  purposes, 
and  is  unfit  for  table  consumption. 

Although  the  cylinder  has  been  constructed  for  the  manu- 
facture of  seed  oils,  it  will  render  equally  good  service  in  the 
manufacture  of  olive  oil,  the  yield  and  quality  of  which  will  be 
highly  superior  to  those  of  oil  produced  by  existing  systems. 

A  factory  with  twenty  presses  can  press  from  50,000  to  60,000 
kilograms  of  seed  if  the  seed  be  pressed  once  only,  or  from 
25,000  to  30,000  kilograms  if  it  be  subjected  to  two  pressings, 
with  cotton  seed. 

COMPARATIVE    RESULTS. 

With  the  presses  in  use  at  Marseilles,  seeds  from  which  fine 
oils  are  extracted  have  to  be  subjected  to  three  pressings,  in  the 
first  two  of  which  the  seed  is  cold  and  in  the  third  heated.  The 
yield  for  100  kilograms  of  white  Bombay  sesame  is  as  follows : 


Description. 


Oil: 

First  pressing  (cold)  . . . . 

Second  pressing:  (cold).. 

Third  pressing  (heated) 

Oilcake 

Total 


Yield. 

Price  per 
kilogram. 

Value. 

KiloRmms. 

Centimes. 

Francs. 

30 

75 

22.50 

8 

62 

4.96 

8 

50 

4.00 

54 

12J 

6.75 

TIYI 

3«.2i 
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The  same  amount  of  the  same  seed  is  suliici-tol  in  I'.*trA-.T?  % 
press  to  two  pressings,  in  the  first  of  which  the  ^rol  t*  j<r'**ril 
whole  and  cold,  and  in  the  second  triturated  ami  heater!  T 
yield  is  as  follows : 

l>c*criptioa  WW  ^  ^      •^  t  •  ^ 

Oil.  Kiknvttai*  CratiM*^  ••»«•• 

Firvt  prrttving  (whole  and  roM) «c                      •*  :    • 

Scctmd  prrAaing  (tntorttlrtS  and  hraird) •                      %>  % 

Oil  r Ilk r \i                        »f*  < '* 

T«iUl i«'  •     Jf 


With  loo  kiloji^rams  of  Kio'plian  cotton  seed  the  revolt  * 
tained  with  the  ordinary-  presses  is  as  follows : 

nr«cn|>lkiM  VJrl4  T^  ^^  « •-■« 

Firvt  prr*fttnK  (i<il*t  and  tnlwrAlrtli iivt  m  *•  *• 

brt-tmd  iirmatntf  fh«4  and  trtturatrd  •«•*■•)••               ^  ^  ^  •  •• 

tHliakr *u*o  ••  •  * 

TuUl iwi»  ..  r    ii 


The   same   <|uantity   of    K|;yptian   ctHtnn   seetl   trraird    «*.t^ 
A.  ICslrayer's  system  results  as  f«>llows 

l>r»«  f it»lMfi  \tarl4  ,    .    *  ***  «■>'•« 

kiknv«a« 


Kt^«tff«i»«  i'cmt*  ma  » 
OtI    Mile  prr»»inK  ft<«ldand  •!ishlt^  tniaralr*!                   *  *  •*  «  . 

itiiiakr*  ....  ...  »!«  IV  tf. 

I«4at  I  l«n  ^  1% 

An  oil  m.inutartt>r>'  containtiig  thirty  prcano  o<  tkr  ^T* 
(oiiuiiniilv  UM'd  in  Marseilles  (Fig.  i )  can  treat  j;.^^^  kik)f:raflM 
i»l  Mi*d  jHT  d.iy  of  twenty  (our  houn.  the  %rrd  hcil^ 
t\%iir.  uhtU*  the  H.itnr  numln'r  <it  Kstn\xr'a  pffrw9  viO 
ttoiii  V ».<«"*  to  3  v'*^^  kiIi>Krani«  <if  ^reil  prrwacd  twire.  m  55 
to  f»i»,i««»  ki]«>>;r:iius  pre^sr^l  once 

The  ctM  i>l   l-Str.i\tT  «»  i\Itndi'r    %iith  prr«».   1*  **  r*>r»  jr* 
or  5l.l5^ 


A  METHOD  FOR  DETECTING  CHLORIN,  BROMIN, 
AND  lODIN  IN  THE  SAME  MIXTURE. 

By  Lyman  F.  Kbblbr. 

As  an  introduction  to  this  paper  it  will  perhaps  be  expedient 
to  give  first  a  resum6  of  the  methods  previously  used  for  the  same 
purpose.  Among  these  methods  there  appears  to  be  none  that 
can  be  executed  in  a  comparatively  short  time. 

Anthony  Guyard*  detects  and  estimates  the  iodids  by  acidu- 
lating the  solution  with  sulfuric  acid,  then  adding  a  mixture  of 
acid  sodium  sulfite  and  copper  sulfate.  This  precipitates  the 
iodin  as  cuprous  iodid.  The  entire  mixture  is  filtered,  the  fil- 
trate boiled  with  an  excess  of  sulfuric  acid  until  the  sulfur  dioxid 
is  completely  expelled.  The  portion  remaining  is  placed  in  a 
flask  connected  with  a  Peligot*s  tube  containing  acid  sodium 
sulfite,  sulfurous  acid,  carbon  disulfid,  or  potassium  iodid ;  an 
excess  of  chromic  acid  or  potassium  dichromate  and  sulfuric 
acid  is  added  to  the  flask  and  the  mixture  boiled  until  the 
bromin  is  all  expelled  and  absorbed  in  the  Peligot  tube.  After 
reducing  the  excess  of  chromic  acid  the  chlorin  is  detected  in 
the  usual  manner. 

G.  Vortmant  bases  his  method  on  the  following  reactions: 
The  peroxids  of  lead  and  manganese,  in  an  acetic  acid  solution, 
completely  decompose  the  iodids ;  the  bromids  are  decomposed 
only  by  peroxid  of  lead  in  an  acetic  acid  solution,  while  the 
chlorids  remain  intact. 

Paul  Juliust  describes  a  method  which  is  further  examined 
the  following  year,  by  F.  Maxwell  Lyte.§  These  investigators 
take  advantage  of  the  solubility  of  the  double  cyanids. 

E.  Hart  I  gives  the  following  method  for  detecting  the  halo- 
gens :  The  solution,  contained  in  a  flask  connected  with  a  bulb 
tube  condenser,  is  treated  with  a  solution  of  ferric  sulfate ;  this 
liberates  the  iodin.  'The  iodin  is  distilled  into  the  bulb  tube 

» 

containing  starch  solution.     After  the  iodin  is  all  evolved  a  few 
drops  of  chloroform  are  placed  in  the  bulb  tube  and  a  small 

•  1879.  Bull.  soc.  chem.,  31,  301:  Ztschr.  anal.  Chcm..  18,  478. 
1 1880.  Bcr..  3,  525;  Abstr..  Am.  Chem.  J.,  a,  199. 
1 1883.  Chem.  News,  48.  284- 
$  1884,  Chcra.  News,  49,  3. 
II 1884.  Am.  Chcm.  J.,  6.  346. 
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fraKnienl  of  {)otassiin:i  pcrtnaiiKanate  is  addcii  t«»  the  pifr:^-*! 
remaining  in  the  flask  and  the  contents  hvatcti  t«»  Un'.m*;  •: 
broniin  is  present  the  chloroform  will  asMinie  a  rctltl'-^h  h-3< 
In  case  bromin  is  j>resent  more  jiotassium  j>erman,;anatc  ir-! 
ferric  sulfate  solution  are  ad<le<l.  (fistillation  omtinuot  mats',  iil 
of  the  hromin  is  ev(>Ive<l.  The  excx'vs  of  |M»caxMum  itcrtni-i 
);anate  is  rcnlucxtl  with  ethyl  alcohol  and  the  rrmainini:  «Hut>ti 
testetl  for  chlorin  as  usual. 

M.  Dechan  also  j;ives*  an  inj^enious  method  He  trra:%  t 
soluti(m  containin>;  the  halogens  with  pota%%ium  dicKr««iit« 
( forty  parts  in  loo  parts  of  water).  Uuls  the  mixture  in  a  &a«^ 
connected  with  a  it)ndenser  and  riix'ives  the  <lt^illitr  tn  a  tr^ 
tut)e  containing;  a  few  dn>}M  of  c^rlmn  diMil&d.  It  >«%iia  t« 
detec^ted  the  distillation  is  i^mtinued  until  no  more  i<atlin  i^ieir<» 
over.  Then  for  every  i<k>  tx\  of  |M)taH?>»ium  dtchnnnatc  %ih»atK« 
ust*d  he  adds  ei^ht  (x\  of  fifty  {xrr  inrnt.  sulfuric  actd.  botN  acirc 
in  the  same  flask,  testing  the  distillate  for  hromtn  a%  K^  >%im 
aUive.  After  the  Immiin  is  all  exf^elletl  the  excr«»  ol  chrr«=3C 
acid  is  retluced  and  the  scilution  te^etl  for  chk»nn  in  the  c^ciaI 
way.  Dechan  has  also  devised^  an  a|>fiaratu^  to  tir  a^oS  «*t^ 
his  ineth<Nl. 

L.  L.  de  Koninck!  presents  a  methixl  for  <!etc**Hnij  ihV^vi% 
in  prescnix*  «»t  hromicls.  The  haltiitlsare  prrt'ipilatc*!  mith  %i\Tt 
nitrate,  the  silver  chloritl  is  removitl  fn>m  the  siUrr  Hmixl  i-a^! 
the  silver  hroinid  hy  lM»iIin^  them  uith  a  s4>!ution  «»l  amnK«i*:m 
carl»onati*. 

I  have  nuHlitu^l  this  nietluMl  as  follows     Attrr  tlic  si!\rT  vhi  ci 
has  Ik-vu  rcm»»\t»<i  the  silver  hroniid  is  retn«>\txl  with   attso^i* 
H\  this  uuMiis  \\e  have  a  omiplete  se|Kirattoii  hut  thrrr  a;<fcA*^ 
to  Ik-  siiine  difficulty   in  sepjratin>;  the  siUer  chU»cM   tr\><^  ti* 
other  sil\rr  »^aIlH  h\  nieaii^  of  amniomum  carU«natr 

J  v.  Whttf'ielih  vC^vcN  a  meth<Ml  tor  eMimatini;;  the  AS^^nr 
eleiiu-ut**  U\  nie.ins  ot  eleitr«»l\  •»!•*  Th:^  ":!U  th«»l  sir.  i'.^  ^^r 
iiiiploM-tl  ii».Ntttl  l!n  i!i  «j!i.i!i:.itt\e!\ 

••V         '      \    '    ,   ■  .«..  *        I.        ^x 

/ »  .  ■         , <      ,  »4 
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In  all*  of  the  above  methods,  as  well  as  in  my  own,  it  is 
necessary  to  employ  the  soluble  halogen  salts.  If  they  are 
present  as  silver  salts,  the  material  is  fused  with  sodium  bi- 
carbonate and  the  mass  extracted  with  water;  if  present  as 
chlorates,  bromates,  and  iodates,  the  substance  is  fused  on  char- 
coal with  sodium  bicarbonate  and  the  mass  treated  as  above. 

The  following  method  of  my  own  has  been  in  successful  use 
for  five  years  past  and  has  given  perfectly  satisfactor>'  results 
in  the  hands  of  ordinary  qualitative  students. 

In  order  to  test  the  accuracy  of  the  method  many  mixtures 
were  prepared  and  analyzed  by  the  author.  The  mixtures  con- 
tained from  one  to  ten  per  cent,  in  the  solid  state,  or  from  one- 
tenth  to  one  per  cent,  each  in  solution  of  chlorids,  bromids,  and 
iodids,  and  in  no  case  was  there  any  difl&culty  experienced  in 
detecting  the  individual  elements.  The  only  precaution  necessary 
is  to  watch  carefully  when  the  iodin  and  bromin  are  evolved. 
This  can  easily  be  determined  by  means  of  the  carbon  disulfid  test. 

The  method  is  as  follows :  To  a  solution  supposed  to  contain 
chlorids,  bromids,  and  iodids,  add  a  few  drops  of  nitric  acid, 
specific  gravity  i  .42 ;  warm  gently  and  the  iodin  will  be  liberated 
if  an  iodid  is  present;  cool  the  solution  and  determine  the 
presence  or  absence  of  free  iodin  by  adding  a  few  drops  of  car- 
bon disulfid  which  assumes  a  purple  color  in  presence  of  free 
iodin.  If  the  carbon  disulfid  does  not  assume  a  purple  hue,  but 
a  yellowish-brown,  a  bromid  is  present.  In  case  iodin  is  present 
add  more  nitric  acid,  heat  a  few  moments,  cool  the  solution,  and 
test  for  the  presence  or  absence  of  iodin  as  before  with  carbon 
disulfid.  If  the  iodin  has  all  been  evolved  the  carbon  disulfid 
will  assume  a  yellowish-brown  color  in  presence  of  a  bromid. 
In  ca.se  bromin  is  revealed  add  more  nitric  acid  and  boil  the 
solution  until  the  bromin  is  all  evolved,  which  is  generally 
indicated  by  a  nearly  colorless  solution  and  is  definitely  decided 
by  means  of  the  carbon  disulfid.  After  the  bromin  has  all  been 
expelled  add  a  few  drops  of  silver  nitrate  to  the  solution ;  the 
formation  of  a  white  precipitate  soluble  in  an  excess  of  ammonia 
and  insoluble  in  nitric  acid  indicates  a  chlorid. 

•Possibly  exceptinsT  I*.  I*,  de  Koninck's.  but  that  works  better  with  freshly  prepared 
silver  saltii. 
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There  are  several  ways  of  applying  the  cartwm  «l:<«u!tU!  tr^t 
For  the  results  in  this  paper  the  tests  were  a|i{>ltcti  a*  ji*IU'«% 
In  each  case  a  few  dro|>s  of  the  hot  v>lution  hi  err  }>nurr»!  *r?t    a 
small  test-tulHf.  cooletl.  the  carUMi  (liNulfi«l  a<lclrtl    an«!  %;'^h!'* 
agitated. 

NOTK  ON  THK   FRICCIIMTATION  OF    PHosrHi»R:  S 
FROM   SOLrTIONS  OF  IRON   AND  STKKL  • 

R\  Rout    ll%Miir«i^    lie 

The  rapitl  and  correct  estimation  oj  ph<vsph<»ni^  m  :n-r.  i^ 
steel  is  of  such  technical  interest  ami  inuMtrtaniT  that  I  tsia^'-ar 
any  information  onicxTning  it  will  l»e  wclciunc  to  nian\  nJCTn  V** 
of  <mr  Sixriety. 

Of  the  many  metluxls  pr«>|>oM.Mi  for  this  c^ai  mat  ion   that  vhc4% 
employetl  is  <mc  tonn  or  another  of  the  methtMl  tlciirtu!!?:^  ^r  tbc 
prei'ipitatitMi  ol  the  phosphorus a<«  ammonium  pht>^ph«>  n>«'N  ^•Utr 
often  s|>oken  of  as  "yellow  precipitate 

It  was  known  for  manv   years  that  unless  ixrtatn  pfTs-iut^'e* 
were  taken   in  dissolving;   the  s;imple.  there   ^a^  a    ::i*  :'.!•    t 
obtain  a  Milution  tmni  which  the  annrnmium  mti!\)«la!r  «  '.!<■« 
would  not  precipitate  the  whole  of  the  j»h«>^ph«»rus 

In  1M77.  An<l  A  Hl.iir  .uhI  l-'tnkinrr  in«lf|ifntlc!i!!\  a!f'*  .r^f 
this  iiitcrlrrruce  l<>  llu*  preniMUv  ni  i  arfMm4iO»u<'  r:a!trr  -  !V 
s<»luli<»n,  dcrivi-*!  Iit»m  llu-  arl:«»ni»t  .uids  «in  the  oT.iS'r.r*!  a*  •« 
ol  the  tnilal.  and  tlic\  dirittid  that  tlu  ojk Tat:«»t:  *:  **!■.:■•  r 
shouitl  li*  iiuuhutft!  m  ^lu  h  a  manner  a%  t«»  dcMT"\  :  -r-^r 
i  arl»onacvous  ouniMiund**  Tins  was  j»favtua!N  i!*t\tt'.'  ■ -» 
eva|x»ratin^  tlu-  a*  id  n4.1uIi«iii  t<*dr\nrss  and  n^astuij*  the  t-*-  :  x 

Atlol!    Taiiiin  <(  ^**»i    A^:.  •    iss|»  a^xx-i.tnato!  the  sa-r  ^  r-m 

There  are  nii-th«HU  !«»niulid  «»ii  thr  a!ore  nu-niii»nrt!«»**^»*.  iv*  ff:» 
whiih  li-aw  noilim^  ii»  N-  dtsind   in  |*<»nit  ••!   a\\iirj*>      *   .:  •>* 
iva|»orati<»n  t«»  «lr\ius-»  \%iih  suKsc-ijiu-iit  ri^asttn^:  and  rr  ^  *•  t  •  r 
if»iiHutn«s   inui  li   tnr.t     t»^'«»;«Us   thi-   !!i:n»»r    ttio'm  t':.!r-  .t    .-..«*'. 
l»\   lar>;i-  anifiint*'  ••!   at  :«l  Inr.u-^ 

HaNttiv;  a  «  «m:^!iU  raMv  amount  ••!  u^-rk  t«»  •:i-t  !Kr  -^^  I 
natnra!!\  :uw:'i*tid  n«»  <»p*M»itu:iit\  <»:  tr\:n»;  prs%Ts^«r^  •  *•  ,  i 
piouiiscd  l«»  ^av*    t:::u     .md    I    nia\    prelaw   r.tv    !ur^lJ.c:    't-.A'!* 
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by  saying  that  my  object  was  to  obtain  a  rapid  process  for  the 
correct  estimation  of  phosphorus  in  hematite  pig  iron. 

In  1888,  P.  W.  Shimer  suggested  that  the  incomplete  precipi- 
tation of  phosphorus  was  due  to  incomplete  oxidation  of  the 
phosphorus,  and  proposed  to  render  all  the  phosphorus  precipi- 
table  by  oxidizing  the  solution  with  potassium  permanganate,  etc. 

The  experiments  recorded  in  this  paper  would  appear  to  show 
that  this  view  has  much  to  commend  it. 

For  the  estimation  of  the  phosphorus,  Shimer  used  the  filtrate 
from  the  determination  of  silicon  by  the  nitric  and  sulfuric  acids 
method.  It  was  tried  at  the  time  with  unsatisfactory  results, 
though  I  now  believe  that,  with  a  little  practice,  good  results 
could  be  obtained ;  but  the  method  presented  no  advantages  over 
the  one  I  then  used,  and  it  was  not  followed  up. 

In  1889,  Dr.  Drown  supported  Shimer's  idea  and  introduced  an 
important  improvement  conducing  to  rapidity,  namely,  the  solu- 
tion of  the  metal  in  dilute  nitric  acid,  thus  retaining  practically 
the  whole  of  the  silica  in  solution,  but  in  this  case  the  yellow 
precipitate  should  not  be  weighed,  but,  if  large  enough,  should 
be  converted  into  magnesium  pyrophosphate ;  or,  if  too  small  for 
that,  may  be  reduced  with  zinc  and  the  solution  titrated  with 
standard  permanganate.  This  method  was  carried  out  at  the 
time  exactly  as  described  {Chem.  AWf^,  July,  1889)  and  unsatis- 
factory results  obtained. 

At  intervals  there  continued  to  appear  in  the  journals  slight 
modifications  of  the  foregoing  methods,  and  the  advantages 
offered  were  so  tempting  that  I  determined  to  perform  a  few  ex- 
periments to  find  out  whether  the  idea  was  a  correct  one  or  not. 
Though  the  process  was  wanted  ultimately  for  hematite  iron,  yet 
the  proportion  of  phosphorus  in  that  iron  is  so  small  that  experi- 
mental error  fonns  a  larger  factor  and  renders  the  results  less 
decisive  than  if  operating  with  an  iron  containing  more  phos- 
phorus ;  besides  it  is  desirable  to  weigh  the  phosphorus  as  mag- 
nesium pyrophosphate  whenever  possible,  so  I  determined  to 
work  with  phosphoric  iron. 

First,  to  see  what  effect  the  presence  of  the  carbonaceous 
matter  had,  a  sample  of  hematite  white  pig-iron  was  selected,  low 
in  phosphorus  and  high  in  combined  carbon. 
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A  full  analysis  was  not  made,    hut  the  (olUmini^  6|eurr-»  «- 
give  a  fair  idea  of  its  composition :  ph€>Nphoru%.  <^  037  |ict  <xt;t 
silicon.    0.71  :    sulfur.   0.26;    graphite,  a  trace,  ami    t-otnVtra 
carl)on  fully  equal  to  that  of  a  pig  to  lie  nienti<»nol  tunbc-  •« 
which  had  2 J  per  cent,  of  comhinet!  carUm. 

The  general  details  of  the  methcxi  followetl  are  much  the  %Acar 
in  each  case,  and  I  shall  descrilie  the  firnt  experiment  tuIN  1^! 
only  detail  the  differfntrs  in  those  following 

ExperiMcut  So.  /. — Twenty -five  grains  sample  plu*  «-•»  bta*- 
ured  grainsof  nitric  acid  ( 1  :  2 ).  eva|M»rute«!  till  a  gondclcxl  kA  :r*j« 
salt  dried,  taken  up  with  hydnn^hlonc  acul.  evafwirate^  to 
bulk,  diluted.  filtere<l.  evaporatetl  till  ^ktn  just  began  t«»  »r^ 
added  excess  of  ammonia,  then  a  slight  excr^ol  nitnc  acid  tSc« 
molylHiate  solution,  gave  yellow  precipitate.  e«|ual  t«»  *»  »v-  ym*. 
iX'Ut.  phosphorus,  t-^iual  torighty-one  |ier  ix-nt  «»!  the  ph^^s-^^*^^ 
present. 

A  M>lution  of  phosphoric  acid  was  pre|Kimi  t»l  *iirh  *e?T*?cri 
that  !<*»>  nieaMiretl  grains  c^nitainrtl  ahout  *•  2^  gratrs  «•  :>•«» 
phorus.  so  that  i<m>  grains  of  the  phosphoric  aiid  ^»Iu?-«  -.  \  ''-jni 
to  twenty -five  grains  of  the  pig  iron  came  to  aUtut  thr  sjirrir  • "  -s-x 
as  working  with  a  sample  of  inni  i^>nt.iining  «»nr  ;^r  ^t-^*  i: 
ph«>spht>rus 

/wp^ftMt 9tf  \o  J  T\\ent\  fi\e  grams  iri»n  p!ii*  k%  ^-i  r-% 
nitric  acu!  (i  :),  heated  till  all  *lisHol\rtl  a<!dr%l  1  •  i* x  *% 
phosphoitr  aciil  s<>lutit»n.  then  prin-rrtlrtl  mith  as  Vs-^t  i*  t 
magnesiuni  pyn»phosphatv  eiiu.il  t«>  all  thr  plu-^phttfu*  «.*f  i» 
phosph<»nc  acid,  plus  thai  «K*nvr«l  U\m\\  thr  sample  •»:     v-r    ^w^ 

/■  t/*rftwt'nf  ,\\*  ;  Twentx  hw  grains  iri*ti  plu*  rs???-.  *  ••. 
and  ph<»sphoric  acitl  as  l.iNt  c\a|M»ratril  till  thr  ^i-Iut:**^  w  ^^^ 
jusi  run.  hut  no  imn  salt  drirt!  thru  cxactU  as  ^vSitt  <**t  rsi 
wliolfo!  \Uv  phoNphi»rus  pres**nt 

/:  \p*ft9tit'ftt  A'.'  /       .\  rf|»ftitH»n  ot  thr  last  ga>e  thr  ^aabt  irwt  •: 

/.  \/*t  ftfftfuf  .\\*    ;       Ti%rnt\  ti\e  grains  ir«»n    ylu^  r-.-trx    ».•»• 
antl  phoHphi»nf  acjd  as  lirlorr    t»iit  r\aj»or4tct!  **n\\  t\»  ha!*  *•=  i 
and  \%ith«»ut  tiltt-t lilt*  protxt-drtl   utth  as  t^-lorr    ga\T  thr   *  *.  %« 
i»f  thr  pho^ph«»ruH  prrsrnt       Thr    hitratr   tr^mi  Ihr    tr.ji'^    -.or 
iipit.itr  w.is  d.iik  shrrTN  oiloreil    and  thr  amnHmiusn  tr-ic"?*^  sn 
pho^phatr  was  iiuhogjuN  oOorrt! 
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Experiment  No.  6, — To  test  if  the  action  of  solution  had  any 
effect  on  the  phosphoric  acid,  loo  grains  of  the  phosphoric  acid 
solution  was  measured  out,  twenty-five  grains  iron  added,  then 
nitric  acid,  evaporated  to  half  bulk,  and  proceeded  with  as  last, 
gave  the  whole  of  the  phosphorus  present;  colors  of  solutions 
and  precipitates  same  as  last. 

These  experiments  seemed  to  prove  that  the  presence  of  car- 
bonaceous matter  in  solution  did  not  prevent  the  precipitation  of 
phosphorus  which  existed  as  phosphoric  anhydrid  in  combination. 

The  next  step  was  to  find  out  if  the  phosphorus  in  iron  could 
be  rendered  completely  precipitable  by  oxidation  while  in  solu- 
tion. For  this  purpose  the  following  experiments  were  made 
with  a  sample  of  white  pig  iron,  made  when  a  furnace  was  being 
blown  in,  of  the  following  unusual  composition : 

WHITE   PKi   IRON   (PHOSPHORIC). 

Per  Cent. 

Graphite 0.67 

Combined  carbon 2.54 

Total  carbon 3.2 1 

Silicon 0.39 

Phosphorus i  .36 

Sulfur   0.20 

Manganese 0.69 

5.85 
Iron  (by  difference) 94-15 

100.00 

For  the  remainder  of  this  paper,  when  iron  is  mentioned,  this 
white  iron  with  1.36  per  cent,  of  phosphorus  is  meant. 

Experiment  No,  7. — Twenty-five  grains  iron  plus  500  grains 
nitric  acid  (i  :  2),  evaporated  to  half  bulk,  added  excess  of 
ammonia,  slight  excess  of  nitric  acid  and  molybdate  solution. 
Phosphorus  finally  weighed  as  magnesium  pyrophosphate  equalled 
seventy  per  cent,  of  the  phosphorus  present.  The  filtrates  were 
all  tested,  but  this  one  was  especially  worked  with,  but  no  more 
yellow  precipitate  was  obtained. 

At  Experiment  No,  <?,  I  began  to  tr>'  the  effect  of  oxidizing 
agents.  Twenty-five  grains  iron  plus  500  grains  nitric  acid 
(1:2),  boiled,  plus  three  additions  of   100  grains  each  of  ten 
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vol.  hytlro^en  i>eroxicl.  tx)iHng  lictwttrn  rach  atUlition.  rvajw-ntol 
to  half  hulk,  and  proct-cdecl  with  a**  lH*forc.  f^^vt:  maicnr^mm  ;»%n* 
phosphate  equal  to  ninety-five  |ier  cent  i»t  the  ph<>^phom%  firr'^c-K? 

The  hydrojren  |Krn")xid  destn)ye«l  the  omihinctl  carUifi  i»0€ 
the  solution  liecanie  dear  and  the  precipitate^  \%*rfr  purr  xrl!*-^ 
aiul  white  res|)et*tively. 

It  is  hardly  necessar>-  to  mention  that  the  h\dn>i:rti  f^r*  \-»l 
and  other  chemicals  use<l  were  testetl  ft>r  phft*»f>ht>ru% 

Expihrnnit  So.  v.  —Twenty -five  ^-rains  inm  trratnl  a*  U<  tbc 
only  differeiKxr  1>eing  that  five  additu»tiH  «>t  h\dn>Ken  |arn»iLu!  < 
ux)  >;rains  each  were  made,  instead  c>l  three  a^  liel»»rT  t^\x 
magnesium  pyrophosphate  et]ual  t«>  ^r\  per  ix-nt  <*t  the  ;«<><^ 
pluirus  present. 

To  avoid  the  ttoilin^;  lietweeti  each  addition  at  b%dn«cv« 
iHrroxid.  the  following  ex|Krriinent  (A**.  /i»)  ¥fca^  tne»!  T«ret^ 
five  j;rainsin>ii  plus  nitric  acid.  )M>ili*tl.  cim>1ci1.  aildol  >«  iC^«'^s* 
of  a  Iresh  sidution  ot  twenty  vul.  h\dn»^en  {irrt>«id.  atkvwr^v* 
stand  for  twenty  minutes,  then  heateil  ver\  UimU  ami  U^k^ 
down  to  half  hulk,  then  aslii'fore.  K^ve  ma^ne^um  p\r^«f«hi«tf^&tr 
ecjual  to  only  ei>;htN  five  |K-r  cent.  ol  the  ph<»s|>hons%  prr^rn! 

Small  aitditions  ot  hytfro^eii  |ieroxitl.  U»ilin);  attrr  rach  hsiti 
tioii.   s4*en)cd  to  render  all   the   phn^^plujru-*  pret  ipitaMc    *-'^!  '.>* 
t*«M»liii)»    iR-tuet-n  each  adilition  was  a  I«»H%  «kt  tinwr     tir^uJc-s  tiirrr 
was  nothing  to  slmw  wlu-n  ein»nv;h  «•!  the  i>\i«lif!ni;;;   a«:Tr.!  m! 
Ik-'cii  added 

In  ShiUKTH  p;i|Hi  it  iHi|ircttt«l  t««a»ld  the  |irriiiani;anatr  ^    - 
lion  (the  oxitli/inv:  avjciit  he    UMtl »  till  a  ptmpitatc  <»!  h\.*ri:r»! 
nianviaiUM*  jk'T«»\jiI  comes  ilow  ii ;    tlun  «<xixieti   j  u^c-^ul     %•.%;'**' 
tcaitton.  aiul  it  was  trsohrti  t«»  It '^t  i! 

l*of    i  xf'iftwtut  .\c     //.    twi-nt\   fj\e   kt^aui^   in»ii    »t?t   t^if^ 
pliiN  ^4ai  ^raniH  nitric  as:\k\  k\      .m     U»tlrtl    ami  a  MkIutH*n  «v  :«' 
niait^anatr    addetl   tdl  the  ilc^ired   j»rrt  ipitate  camr  iK-^^r     \t>t 
Mklutton  i«wjc»l    twciitN    dr«»ps   h\tlr«»>;e:i  |«rr%«\*.d   ad%lo!    *•  •  *f^ 
neutrali/eti   with  ammonia.   lM»i!(-tl    ak^ain  with  a  ItttV  ;^*rr.A- 
v;aiiate  till  a   prvctpttate  came  down    which  wa%  mm*\Txi   44*  t 
with  h\dri»>;rn  f«rriixi«t   the  <««»hitioti  c\a|«>ratr«l  to  hal!  ^<i*i  iit»^ 
pTiKt-etled  with  a^  Nlofi-.  ^a\e  ma^'iicsium  p\  nif»b***f <^itr  fs;:^*! 
^•^  ^/*>  7  l"^^  *eiit    ••!  the  pht»Nph«»lUs  pTv-^u: 
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The  use  of  hydrogen  peroxid  for  deoxidizing  the  manganese 
peroxid  precipitate  is  both  elegant  and  effective,  but  as  the  solu- 
tion requires  to  be  cooled  to  about  130°  F.  before  adding  it,  there 
is  a  slight  loss  of  time. 

Shimer  dissolved  the  manganese  peroxid  precipitate  in  hydro- 
chloric acid,  and  Drown  removed  it  with  an  organic  acid  or  with 
sugar.  When  trying  Drown 's  method,  I  had  used  tartaric  acid, 
but  had  not  got  satisfactory  results  with  it,  and  Jones  {Chan. 
NewSy  1890)  found  the  same  thing,  and  proposed  the  use  of  fer- 
rous sulfate. 

Five  experiments  were  performed  very  much  the  same  as  the 
most  successful  of  the  experiments  already  mentioned,  oxidizing 
the  solution  with  permanganate,  and  removing  the  manganese 
peroxid  precipitate  with  ferrous  sulfate;  without  going  into 
details,  I  may  say  that  the  lowest  result  equalled  94.1  per  cent., 
and  the  highest,  96.3  per  cent,  of  the  phosphorus  present. 

In  each  of  the  foregoing  experiments  (excepting  two  of  the 
five  with  ferrous  sulfate)  the  yellow  precipitate  was  allowed  to 
settle  for  hours,  usually  over  night,  but  to  save  time  I  now  tried 
the  effect  of  shaking  for  five  minutes  as  proposed  by  Emmerton, 
and  filtering  straight  off. 

Experiment  No,  12, — Twenty-five  grains  iron  plus  700  grains 
nitric  acid  (i  :  135,  being  the  strength  recommended  by  Drown 
for  keeping  the  silica  in  solution),  oxidized  twice  with  perman- 
ganate, removing  the  precipitate  with  hydrogen  peroxid  and 
neutralizing  with  ammonia  between  the  two  oxidations,  the  flask 
stoppered  and  shaken  vigorously  for  five  minutes,  cooled  and 
filtered,  gave  magnesium  pyrophosphate  equal  to  96.3  per  cent. 
of  the  phosphorus  present. 

Experiment  No,  ij. — The  above  experiment  repeated,  gave 
100  per  cent,  of  the  phosphorus  present. 

Even  a  single  oxidation  gave  very  fair  results,  as  follow : — 

Experiment  No,  14. — Twenty-five  grains  iron  plus  700  grains 
nitric  acid  (i  :  135),  oxidized  with  permanganate  and  hydrogen 
peroxid,  neutralized  with  ammonia,  molybdate  solution  added, 
shaken  for  five  minutes,  cooled  and  filtered,  gave  magnesium 
pyrophosphate  equal  to  96.3  percent,  of  the  phosphorus  present. 

Experiment  No.  i§  is  exactly  similar  to  the  last,  that  is,  the 
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solution  was  only  oxidi/cd  oiux*.  l»ut  ihi*  \tr.«>\\    j»rrt  ijMtjtc  *  x* 
allowed  to  stand  for  one  and  a  half  Iimup*  lutorr  lirink;   tiltrrr^: 
off,  an<l  the  niaj^nesiuni  ])yro|>ho>|>liatc  ohiaifutl  uj^  1*^1:2!  •• 
100  |>er  cent.  <»f  the  phosph<>ru>  j»ri«»<iit 

The  magnesium  j)yroph<»sphale  prii  ipit.ili-»  l.«»ui  fiw  r\*«- 
ments  in  which  dilute  nitric  acid  had  lievn  empli»>e»l.  mere  A^i^iol 
together  and  testetl  for  silica  hy  eva|M»ralin>{  to  •lr\tK^<%  »-:h 
hydrochloric  acid,  etc. :  the  insoluble  matter  wei>;hc«!  onl-.  •• 
grain,  which  may  fairly  Ikt  alUnveti  ti»  have  lux-n  ticnvol  rr-ca 
the  filter  ashes,  and  evi«!entl\  the  precipilali^  ha\c  licr-n  :'xx 
from  silica. 

At  this  jx>int  I  may  refer  to  an  exj^eriment  of  <w»tnc  intc^r^ 
only  annpletetl  this  morning. 

Expt'hmtnt  So.  tt),  -  In  this  ex|KTimcnt  I  t««>k  ti»rnt\  £  r 
grains  of  the  while  phosphoric  iron,  additl  ^i-*  grains  nitr-.^  j-  ^i 
(1:2)  and  l>oiletl.  neutrali/eti  with  anun«»ti)j.  and  prn  :p::i!i«l 
with  molylKlale  Mtlution.  The  fla^k  >t««Mi  a  tew  hour%  th*-  %t\ 
cipitate  had  settled  thorimghh  and  lett  .1  clear  h<|uit|  mht^h  «  &% 
<lecanled  through  a  filter  and  the  prwipitate  H.i'^hol  <»rur 

To  the  clear  filtrate  I  a«ldetl  |>erinanganate  '*i»hiti«»n  x\^\  :  * x  ••' 
it  on  the  water  hath,    in  a  short   time  the  hniiitl   tir\ar::c  :j*' 
and  de|Misite<l  mIIou  pm  ipitate       .\lttr  Htniilmk;  j>-'i:!  •  •> 
I  ad<led  excess  of   hvdrogcii  |H'ri>xid  .ind  .iII<*\M'!  \\  !•*  ^T!  « 
night;    when  tilteied  s\\\\\  weivjlietl   thi<*  nn»fn???i,     !?u-  vt*.    «   •  - 
cipitate  e<|U.ilKM|  thirtN   three   }k  r  v\\\\    oi   t!u    ;';•«*?!;    'v.*    -    •    - 
pig   iron       RetfiTinv^   to  i-\'kt!"u  r.l    N«»     -     !t   w:**    *«    •  '•*•  • 
that  It  Is  S4»  i.ir  niu»  !i  the  «*.i!ih-  .i^*  N«»     t'»    ««!;*.\  t/.r  •  r';;-*  1    -    • 
at  ul  >oIutH»n  u  In  1  \  ap.T.itid  !ii!tlur  .r:»i    ^-i\t    <*%f.!%    •«-•  ,^  ■■ 
of  the  p!iMH|ihorn'»  prt  *»4*nt    h<.  it  !  i.ix  N  » -.*'.>'tl* '» •!  t".;  t!  the  r  ■  •• 
thn-f   |K-r  tent    !»»u!ii|  \\\  i!u-   !•*::  i!t   ••?  t  \:it  tmt-*  •■•    \  .     :-      at* 
the  \\h«»!r  «•!  iht    vhi»^|tht'!\!*  \\\  \\\  it  ti'tf.itt- 

whii  h  ^;«K-**  t»»  «»upj»«»rl  t!u-  •»Md  il'.'U  ilK«»r\ 

In  the  (  ^cw/  /.'  A#..  •  o|  Mart  }i  i^.i»»  there  wa*  ir.  t'r<'tr^. 
o|  a  pajK-r  h\  Cirri  retotninen«!iiig  the  rinpIo% i:irnt  «•!  V*  r:  - 
and  h\dr«»*  hl«»n«    .u  id  !«•»  tht-  e-^tMtMtbt!!  o!   Hj'ti-^in  x*\  t:v<. 

t'-^mg  the  whitf  ph«»«»pl!«»:u-  pi;;  irof.  ''^-S'tr  nirn?!«'Or'f  1-*. 
follow  ing  exacth   the  ilire<  tions  ^jUiii    t»tuv   t.tt\    |HTiTr-.t    .<:*nr 


A    NEW   BLEACHING    POWDER    PROCESS.  579 

silicon  was  obtained,  but  the  filtrate  yielded  on  proper  treatment, 
without  either  evaporation  to  dryness  or  further  oxidation,  mag- 
nesium pyrophosphate  equal  to  99.7  per  cent,  of  the  phosphorus 
present. 

I  think  it  may  be  fairly  assumed  that  the  two  sets  of  experi- 
ments quoted  prove  to  satisfaction  ( i )  that  the  carbonaceous 
matter  in  a  solution  of  iron  does  not  prevent  the  complete  pre- 
cipitation of  properly  oxidized  phosphorus  as  ammonium  phospho- 
molybdate;  (2)  that  the  reason  of  the  incomplete  precipitation 
of  phosphorus  from  a  nitric  acid  solution  of  iron,  which  has  not 
been  evaporated  to  dr>^ness  and  roasted,  is  that  the  phosphorus 
has  not  all  been  properly  oxidized ;  and  (3)  that  in  such  solutions 
all  the  phosphorus  can  be  completely  oxidized  and  rendered 
precipitable,  in  the  wet  way,  by  means  of  certain  oxidizing 
agents. 

In  conclusion,  I  cannot  claim  much  originality  for  any  of  the 
experiments  quoted,  but  I  think  they  put  this  point  in  a  clearer 
light  than  it  has  been,  and,  at  any  rate,  they  have  served  their 
purpose,  inasmuch  as  there  has  been  founded  upon  them  a  rapid 
and  accurate  method  for  the  estimation  of  phosphorus  in  hematite 
pig  iron. 

A  NEW  BLEACHING  POWDER  PROCESS. 

The  following  description  of  Mr.  Ludwig  Mond's  new  bleach- 
ing j)owder  process  is  taken  from  the  London  Times.  After  a 
digest  of  the  various  operations  employed  in  the  manufacture  of 
ammonia-soda,  the  Times  says : — 

Instead  of  boiling  his  ammonium  chlorid  with  lime,  Mr.  Mond 
freezes  it  by  means  of  an  ammonia  refrigerating  apparatus,  which 
by  passing  the  gas  through  an  endless  cycle  of  condensations 
and  expansions  produces  any  required  amount  of  cold.  Treated 
in  this  way  the  ammonium  chlorid  crystallizes  out  of  the  solution. 
It  is  dried  and  subjected  to  the  opposite  extreme  of  temperature. 
Somewhere  about  a  red  heat  it  sublimes  and  probably  suffers 
temporar>'  decomposition,  the  hydrochloric  acid  and  the  ammo- 
nia existing  in  the  vapor  as  separate  and  uncombined  gases. 
The  vapor  is  passed  over  magnesium  oxid  mechanically  arranged 
so  as  to  present  the  largest  possible  surface.     Then  comes  the 
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characteristic  reaction  of  the  new  chlorin  rrcox-erk-  pmce^  TV 
maf^nesiuni  oxid  gives  up  its  oxygen,  which  combiner  mzxS, 
hydrogen  to  form  water.  In  place  of  the  oxygen  the  injigt»rusa 
combines  with  the  chlorin  of  the  ammonium  chIon«i  and  trre 
ammonia  is  obtained  and  collected  in  the  usual  wa\  \l  \hr% 
|>oint.  therefore,  the  account  stands  thus— bicarlmnate  oi  ««Li  :» 
the  solid  form,  only  needling  to  l>e  heated  t<>  give  'nwla  a^  tbc 
ammonia  used  in  the  pnn^ess  wholly  recovered.  Ikamng  a  i^r 
centage  of  waste,  in  its  original  gaseous  5»tate :  and  thr  chl-^-:j 
wholly  fixed  as  magnesium  chlorid.  N«m  the  reactKio  mh:,a 
pnxiucetl  magnesium  chlori«l  is  cxactU  rewrMrt!  H**€  a:r  :% 
passed  over  the  chlorid  as  hot  chlorin  \*a^  |»a^^ctt  «»\rr  the  ^  \>i 
and  as  the  chlorin  of  the  ammonium  chlond  «trt»ve  <»ttt  the  <^%* 
gen  of  the  oxid.  so  now  the  oxygen  <»l  the  air  dri\r^  oot  I'j^ 
chlorin  of  the  chlorid.  The  Irw  i  hlonn  in  pavMtt  «.\rr  iHc  catKx 
lime  from  the  kilns  after  it  1*^  nlacketi  Hith  uatrr  ;»n«ltxT-i 
bleaching  {>owdcr.  and  the  magnesium  oxid  i^^  left  tn  tt%  f^^^rva' 
coiulition  really  to  dei*om|MiM*  a  fresh  batih  <»!  anin»ontum  chV<-*! 
Thus  the  chlorin  ol  the  original  brine  is  o)in)»tneti  m:th  tbc  *.rac 
ol  the  original  chalk,  the  smla  of  the  brine  is  oinibitHr^t  m!:h  !2* 
cnrlMinic  at  id  of  tlu*  chalk,  the  aiiimoina  ami  the  n;a«:t»rs: sst 
<»xi<l  fiuploNrd  in  the  print ^s  h.i\r  Iktii  jijntn  !«jiik  t.  !'•*  • 
original  lonns.  and  iKitlnng  h.i^  lit^ipiicaretl  c^vt-j"*  the  "a" 
wliu  h  liasturnislu-d  the  luat  rii|Uirid  toctti-xt  thi-  trjti%:.«f rr.it-.  ^ 

Thr    I'Mitor  <»1  the    (himi*^i.'    ItoJt    l-'Ufnal  Iron   whuh  \^m 
aUivc  account  is  taken  lomnu-nts  on  it  in  part  a%  s»Ij«»m* 

.\s  \\i-  havi' s;itd  l»i*li»rf.  the  pr«x  t^s  i%  \\%%\  ^»  %tt!'p*.t   a%   t   ••^% 
The  \\a«»tc  li*pi<»is  iroin  the  carU»n.itis  .ire  i:«»t   p«:rr   *•    -jt  •  <■  • 
SupjK»se  them  t«»  o»ntani  ^^ix  fn^r  cent    «»t  anun«>n:j  ihrx   »:«  *.«»^ 
contain  nearly  eight    i»er    cent    oi  •^.ilt     nhtlc  «»J    thr  A=n=*r,i 
itM-ll  M*\ent\  five  j»er  rent   i»nU  is  <  hlorul   the  rrmatr.tr.jj  t»T-T 
ti\e  i»er  leiit    l»eing  either  a  rar*i«»nate  t»r  i  hlorul  m  i*  -^t^vt  m\\ 
buarUtnate  «»t   >4Mia 

We  are  n*»t  attetupttii^  lt»  .ir^iu  that  the  rr\*'\rr\  i*  -^  t  ;•  ••i*      ^ 
at  if  f*9nt     but  ue  are  bt«»iik:ht  \.\k\   l«»  ta*T  *%ith  xV.  the  »::!L<--  t  <^ 
of   the   muriate   ot   aniiii«>!na    stiMinier     aiul    al!    «h««   kr>«-m    !M! 
buHiness  will   In-  otiU  !«•«»  read%    t«»  as^rrt  th-it   tiic\    are   r*<  ^« 
Add  tt»  these  the  ditluultiis  tliat   ha\e  l^xn  eni«>utitr?i'd   ts  \^ 
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**  Weldon  Magnesia  "  process,  the  **  Weldon-Pechiney  '*  process, 
and  the  **  Deacon  '*  process,  and  we  have  the  **  New  Departure  ** 
in  a  nutshell. 

Backed  by  enormous  resources,  there  is  no  doubt  that  *  *  bleach ' ' 
may  be  made  by  the  New  Departure  for  a  longer  period  than 
would  be  the  case  in  a  smaller  concern,  but  if  the  revenue  is  not 
greater  than  the  expenditure  it  is  only  another  process  of  assuring 
the  continuance  of  remunerative  prices  for  ammonia-soda. 
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COLUMBIUM. 

The  following  correspondence  is  self-explanatory.  Copies  of 
Prof.  Brown's  letter  were  sent  to  Professors  Norton  and  Clarke 
and  their  replies  follow. 

Washington  and  Lee  University, 

Lexington,  Va.,  Nov.  7,  1892. 
Dr.  Hart, 

Dear  Sir  : 

In  the  September  number  of  your  Journai,,  p.  535,  Prof.  Norton  says, 
concerning  the  name  Columbium  "  discovered  and  named  by  an  American 
chemist."  This  is  no  good  reason  for  retaining  the  name,  even  were  it 
correct,  but  it  is  not.  Hatchett,  who  proposed^he  name,  was  an  English- 
man, according  to  Prof.  J.  D.  Dana  who,  in  his  "System  of  Mineralogy," 
5th  Edition,  p.  518,  says:  "No  good  reason  has  been  given  for  substituting 
Niobium  for  Columbium ;  and  yet  most  English  chemists,  as  well  as 
European,  have  thus  far  followed  Rose  in  rejecting  the  name  given  by 
the  English  discoverer.     The  rule  of  priority  demands  recognition  y 

The  last  sentence  gives  the  reason  for  abiding  by  Columbium. 

Kopp,  "Geschichte  der  Chemie,"  Vol.  4,  p.  77,  says:  "Das  Tantal  wiirde 

zuerst  durch  den  Englander  Hatchett  wahrgenommen,       •      •     ♦      von 

ihnen  Columbium  genanntes." 

Yours  trulv, 

W.  G.  Brown. 

P.  S. — If  an  American  chemist  has  discovered  an  element,  it  was  Dr. 

J.  Lawrence  Smith,  who  named  one  mosandruni. 

W.  G.  B. 

Cincinnati,  Nov.  12,  1892. 
My  Dear  Professor  Hart: 

Your  favor  of  the  9th  just  received.     Prof. 

Brown's  criticism   is  quite  correct.    The   New   England   origin  of  the 

mineral  columbite  in  which  the  presence  of  the  new  element  was  detected. 
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\ci\  iiic  in«<lvcrtrnlly  toc>%*rrl<>(>k  the  (ac\  that  llatrhrtt  «a%4;i  I  nj^.-ih-.i  - 
and  tiiafU' hin  cotiiniuiiiratioii  to  tht*   Hii^li^h  rhil4>^>)>hHa!   Trar.*^  *  .     « 
ill  1X02. 

The   hinloriral    priority   of   Colunihtuni  %hotiM.   homr%«f     %•  »*•''?         * 
qucHtioncd.     In  the  year  fijllowing    llatrhett'^   «l»**"o\<r^      lkf*«-^    * 
nounciN!  the  prenenoe  of  the  new   nu-tal  tantalum  m  thr  mtrM't    ti--* 
lite.     The  clowe  similarity  of   llatchett*   c«»lumhir   »*-i.i    an.!    ^4.^'•-^  • 
tuntulic  acid  leil  Herxeliu^  ami  othenk  to  rl«»im  for   inan\    \ra-%  :\**  *  >- 
were  ideiiticnl.  and  the  name  k'^**"  *»>    H«"f«cliii%"  *t»mja!?i.-t     I  4^r'*-» 
displuceil    t(»  a  K''^*'>t  extent   that  of  llntrhrtt.   alth«*U|rh    the    lir*r«    •  &• 
indisputahly  of  earlier  ilate. 

In  1X44  K<»M*  ^  an«l  others  during:  the  next  dera*lr    %h<»«r«!  thuit  *.btr  ^  ^t 
in  tantalite  wan  not  h«>mi»Kent*tms.  hut  rontainol   fr%mi  nine  t«*  t^"t«   *    r 
|H*r  rent,  of  what  we  no%i  term  colum)»ic  achI.  am)   further  tk^c   tSc   «»  • 
in  rohimhite  was  rarel>  pure,  hiit  rontainol  usitalN    frt»m  thirt^i    *.         r*  > 
)H*r  cent,  of  tnntalir  acid 

Rose  unfortunately  iirnvr^  the  name  Ni«»t»ium  to  thr  rlr«»ciit  ^ <^t**^ -«  » 
\ui)i  in  cfdumhite  and  present  ti »  a  It-ss  r xtent  tn  tantalitr    anil  h**  c  «  *<» :  >.. 
has  iK'eii   largely  fidlowed   in    |-!uro|H-.  in  tt»tal  ilisrrifartl  •»!  th«    -e*'    ■  »• 
custom  of  resp*<tinji;  the  rights  *»f  disrti\rrrr% 

It  iscertninU  of  interest  to  us  Americans  to  •cr  the  usaicr  *••  tH*   i  •?  *• 
call\  c«»f  lect  nanir  »»f  llie*lcnient  in  (|ue«tH>fi  rrsttifr^l    r%|>rt  t*'l<  •■  -'  .        » 
name  i*»  linked  mi  rmphaticalU  with  the  <*ne   instaitcr  in  whtrh  ■  *-?     -  -i 
fri>iii  our  <*^n  land  Iimn  pr«>\t-*l  to  l«r  thr  *i»urie  i>f  a  new  «lr*n«  -• 

\rr\    %iiutf»l\    \«»iir« 

V     If     N   ••  '     ^ 

In  \u  Sih 

llatilutt    .i«»  llri»«!i   viNs     i*.i%   tit«t    \tnm«**-    *  j»    !  rr^"  •' 
i^<>i    he   dis4  0\rrt«!   tlu*   tu  %%    iiKtal   l.'oIiitiif>'.unt    :n    a   tn^n««a'     «^t  > 
calUd  tolundott     and  nhult  \rf\   pii»*s.'il*I\  »  .inir  <f»«r:  \|»»t'^l»*    • -r  >• 

or  mar  tlu  r«-       Iti    tS'»    |  kt-Wti;   ih*4i»%f?r  1    iJt»tA!ii?«i    'n    ?*-»i.'  •. 
s«iinf  tiiiu-  attri  il  M-t  nird  .*%  i!   tantalum  a>i.!  C»»Iui'i*    ;:«!    t.  ^^i*    **r 
Ijcal        Later     K«»*r     studxtiih;   c«»itnn*':tf     th«<ii«:)it  hr    h»«'.    ••   -  •-  '    *•       t«  • 
elements,  wlitih  hr  namrti  nioliiuiii  atid  |ic!opn;tn       Thr    *«*tr-    •••   »«<- 
alitdished.  and  inohiuni  i*as  f*»iiud  to  *^-  idrtit'.rat  with  iU«  «;?««*.{■•  :«  * 
the  new  metal  found  !•%   I!at»  hrtt  Jti  t oli;ni'-itr       Thr  ?t»*?A**-*   *..  •'•    t     -•.- 
C  otmri  tt»  tj!  I  •*!'.  m*  !ti   -irr  .i**»iit  »«nc   !?■..'■!  tatitali«   t««  ?»*»  •*•   •    *        '  .  •• 

ll.t!.   hi  t!    *     t«.t!'.t         •.  *l»  T«  ••if  I        ft  :   T*  *«   ■■  t%     l!u      . '.!••«:     I    a"!     .         •%••♦''  ».' 

ttiiiu  rt!     %»!.*I«     K .  ■<"«    *   \  :.i!«ti;ti:   tru'i'v    %«  »ti-l*   !«•    %   *  *  .•  •      »•         l*f    «    •: 
li.i'l  V.  oluin*'?»:in  ?n«-«!  ?!«»m  a  stiu'.I   iitni:r'!*   »»•   ^\m  %€•     ta:  •.*    .  tt        *  U 
1  *.}:<  1*1    pr  t«»f «!  \   I*  •  '»  .ir    .m!  tJu   ".ikjijir  t  *   m  h**  h  N  •••*    •:  it    .  t^.*     •  -      i    ^  1  1 

\  ■  ■  . » •  \ »  •  \   :  -  ■ '  \ 

I        W       \    .    »  •  ^  T 


THE  CONSTITUTION  OF  MAGNETIC  OXIDS. 

By  Stephen  H.  Kmmens. 

In  the  process  of  nickel  manufacture  practised  by  the  Enmiens 
Metal  Company  at  Youngwood,  Westmoreland  Co.,  Pa.  the 
metal  is  granulated  by  pouring  it,  when  molten,  into  water. 
This  operation  usually  proceeds  quietly  and  without  interruption; 
but  occasionally  sharp  explosions  take  place  as  the  metal  touches 
the  surface  of  the  water.  Investigation  into  the  conditions  of 
these  explosions  has  shown  that  the  phenomenon  is  always 
accompanied  by  a  more  or  less  oxidized  state  of  the  molten 
metal ;  that  is  to  say,  the  nickel  ore  has  not  been  completely 
reduced  to  metal  in  the  operations  preceding  that  of  granulation. 

It  is  also  noticed  that  when  no  explosions  occur,  and  when 
the  molten  metal  sinks  quietly  to  the  bottom  of  the  granulating 
vessel,  bubbles  of  gas  rise  to  the  surface  of  the  water  and  burn 
there  with  a  blue  flame. 

Inasmuch,  then,  as  the  fully-reduced  metal  appears  to  decom- 
pose water,  and  as  the  partially-reduced  metal  causes  an  explo- 
sion when  coming  into  contact  with  water,  it  would  seem  that, 
in  the  latter  case,  the  presumably  homogeneous  mass  of  molten 
metal  consists  partly  of  molecules  of  free  nickel  which  liberate 
hydrogen  from  the  water,  and  partly  of  molecules  of  nickel  oxid 
which  supply  oxygen  to  at  once  combine  explosively  with  the 
hydrogen. 

This  explanation,  namely,  that  an  oxid  of  nickel  probably 
exists  in  which  the  metal  is  partly  metallic  and  partly  oxidized, 
suggests  an  analogous  explanation  of  an  analogous  phenomenon, 
/.  e.,  the  magnetic  character  of  certain  oxids. 

Chemists  have  hitherto  been,  for  the  most  part,  agreed  in 
considering  the  magnetic  oxid  of  iron,  Fe^O,,  as  being,  to  quote 
Mendel6eff  (Prhin'ples  of  Chemist n\  translated  by  Kamensky 
and  Greenaway),  "composed  of  ferrous  and  ferric  oxids." 
Indeed,  Mendel6eff  specifically  speaks  of  "the  so-called  magnetic 
oxid,  containing  atomic  quantities  of  the  suboxid  and  oxid,  viz., 
FeO,Fe,0,  =  Fe,0,."  And  the  new  edition  of  Watts'  Diction- 
ary says  "Fe^O,  may  be  regarded  as  FeO.Fe.^O^";  while  the  old 
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edition  (Second  Supplement)  gixxnthe  following  graphic  U 

for  Fe,0.: 

Fe-O 

0 

in  which  ferrous  (bivalent)  iron  is  repre^cntcvl  a.^  tfimiinc  aa 
unsaturated  compound,  FeC),.  which  is  united  with  an  aa^ktu 
rated  compound,  Fe,0,.  of  ferric  (in  this  case  quadrivalmt '  ir^« 
Drechsel,  on  the  other  hand  {IminHlmttiifm  io  tkt  Stmdy  ••/  i  A^-w 
ical  Reactions,  translated  hv  Merrill),  admits  Fc.O  or  rather 
Fe.O.,  to  a  place  amon)(  the  true  inm  oxids.  and  pii^nrr^  \\^ 
constitution  as  follows : 

O 


I 


•Vv 

C)     . 

0  ! 

0 

.\.u 

0 

(  Fe'*  --  Fe*' ) 


I  O  Ff 


contending;  that  iron  is  quadrivalent  only  and  not  at  an\   ;r=ar 
either  bivalent  or  trivalent. 

None  oi  these  views  throw  any  liKht  U|)on  the  mcint  rrtnark^'W 
pro|K-riy  of  Fe,().:    that    !•»  t<»   Na> .  they  •^how   »»  fra*«'n  »  •. 
it  should  Ik*  much  more  ma):netic  than    it^  frlkm    o^sS    xr^ 
es|H.i*ially    than    the    protoxid.    Fe<>.  which    omtjtn*    a    larxr? 
percentay»e  ol  the  metal.     The  queHtion.  thrreKkre   oi  tbr  t—j*- 
uuilcinilar  ciuistitutitm  of  magnetic  iron  oxid  nia\    tv  rrxa^^v^-i 
as  Ik-iuk  still  an  o|K*n  one;   unles^n.   indertl.  there  W  as\    «•<> 
sideratioUN  of  paramount  im|M>rtaiU'r  alrrad>  advancrd  Y^  ..<<« 
|iellin);  the  ret*t>^niti«>n  of   Fei>.Fe,i>,       It  «y  irari-h    s^c    «o  ^ 
reasons.  \%e  shall  find  them  t«)  tie  tiao  m  number    vti 

1.     The  ar>;umeiit  from  i^»ni«)r]thiHni    -   Ma^nrtilr  t  Fe.«  V     -* 
found  ill  future  an  a  tniiieral  iM>moqihou%  with  spinel  t  \lc.V!.«  * 
):ahnite  (  /n.\l,<  >. » .  /i-iUnite   (  Fe.\I,<  >.  •    tranklinitr  «  /nFe  1  • 
and  i'hroinite  <  FeCi,<  >. )       It  i*^  avnunied  that  ^^ptne*.  mas(  «.««tA  t 
Mk<^    that    ^.ihntte    and    trankhnite    mu<4   o»nlain    Zn« »    i^.*: 
/eilanite  mu^t  lontmn    .\l,0,  that  ihrumite  must  ix*titaiB  C?  *  * 
ami  that  therefore  the  tonner  three  must  alv>  o»ntatn  Fe.<>.  *?hi 
the  latter  two  Fe< )       Hut   if  these  a!v%umeil   nrmauttrs  «fti^  s».< 
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in  point  of  fact  exist,  the  argument  falls  to  the  ground ;  and  as 
no  attempt  is  made  to  prove  their  existence  we  are  justified  in 
treating  the  argument  as  of  no  weight, — a  ver>'  frequent  thing  in 
cases  of  isomorphism. 

2.  The  argument  from  solution. — If  Fe,0^  be  dissolved  by 
acids,  ferrous  and  ferric  salts  are  found  in  solution.  This  is  held 
as  proof  that  Fe,0,  consists  of  FeO  and  Fe,0,.  But  if  Fe  be 
dissolved  by  H,SO,  and  form  FeSO,,Aq.,  no  one  dreams  of  de- 
claring that  Fe  must  have  contained  FeO.  Solution  certainly 
implies  a  degree  of  molecular  disaggregation  that  admits  of  re- 
arrangement ;  and  so  far  from  the  presumption  being  in  favor  of 
a  continuance  of  pre-existing  molecular  structure,  it  is  obviously 
the  reverse. 

Seeing,  then,  that  no  good  reason  exists  for  regarding  Fe,0^ 
as  FeO,Fe,0„  it  may  be  well  to  enquire  whether  any  valid 
arguments  can  be  advanced  against  such  a  view. 

First,  the  compound  Fe^O,  is  of  a  ver>'  stable  character,  and  is, 
with  reason,  regarded  as  ** saturated."  If,  then,  it  be  linked  to 
FeO,  this  can  only  be  by  means  of  some  hitherto  unknown  and 
unrecognized  affinity  invented  or  imagined  for  the  occasion. 

Secondly,  FeO  is  of  a  very  unstable  character;  so  much  so, 
indeed,  that  the  ordinary  assumption  of  its  being  **  saturated  '  * 
appears  to  have  very  slender  foundation.  Its  combination  with 
Fe,0,  by  means  of  the  mysterious  affinity  above  mentioned 
should  not,  apparently,  interfere  with  its  proneness  to  oxidation ; 
and  the  compound  FeO,Fe,0,  should  readily  change  into  2Fe,0„ 
whereas,  in  point  of  fact,  Fe,0,  is  so  stable  and  unoxidizable 
that  it  is  artificially  produced  on  the  surface  of  iron  ( / .  e, ,  the 
**  Barff' *  and  '*  Bower"  processes)  as  a  durable  coating  for  the 
purpose  of  preventing  that  metal  from  rusting. 

Thirdly,  FeO  is  somewhat  magnetic,  but  Fe,0,  is  very  slightly 
so,  if  at  all.  According  to  Becquerel  Fe^O,  is  diamagnetic,  and 
this  is  also  stated  by  Mendel6eff  and  other  authorities ;  though 
Plucker  gives  the  specific  magnetism  of  specular  iron  ore  as 
533  compared  with  40227  for  Fe,0,  and  Sidot  (Compt,  Rend^, 
87,  175)  has  obtained  an  oxid  exhibiting  magnetic  polarity  by 
heating  ferric  oxid  in  an  earthen  tube  placed  in  the  magnetic 
meridian  to  a  temperature  not  sufficient  to  fuse  the  oxid.     A. 
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Freiizel  also  { Jahr,  /.  Afhi,,  1H74.  6h^»  ohtainc<i  hiiijII  rh^tc^  *• 
licdrons  of  iron  jjlanct*.  slij^hlly  tiiaf^nrtic.  bv    i>»nitini:  j    :  ^r 
cipilalc  of  ferric  hy<lrate ;  and  Mala>;uti  (./«»«.  «A/«w    i**i. 
89,  214)  slates  that  a  ma^jnctic  vant-ly  t»I   Fc.<  >,  c\i<*      Tr.c-^c 
(lis^Tcpant  assertion>  may  {KThapn  Inr  caii*<ni  h\   iht-    ta^-t  !>.i! 
Fc,(),  when   stronyjly   heate<l  >;ive>  off  ox\Krn  ami  1^  ;urt:i  .* 
CfMiverted  into  Fe,0..     Hut  lie  this  as  it  nun.  ihe  \vr\    v^'.^h:.. 
niayjnetir  rharacler  ol  lK>th  Fe4>  and  Fe.O,  iv  a^  im^»r.tr'*tj^ic  1* 
is  the  highly  magnetic  character  t>l   Fe,n,.      Ami  a%  nkaijnc'.  •» 
is  conce<!e<l  to  l>e  a   physical   pmjHTty.  dc|)cndrnt  \i\  ^»rac   1= 
known  way  ii|>onthe  molecular  ?»truclurc  ot  Uitlir^.  thr  in!rrT'=».T 
is  irresistible  that  the  molecules  of  iron  ami  ow^jrn  in   Fr»*. 
cannot  Ik*  arranj»e<l  in  two  >;rouj>s.  one  «»l  which  ha^  thr  *;r^  tu-r 
of   I'eO  aiul  the  other  that  of   Fe,t),. 

FiMirthly.   neither  the    hydrate  of  FeO  nor   that   t.?   Fr  •  >      * 
magnetic.      Mul  the  hydrate  of   Fe.O,  ih  attract  ibic   V\  the  -r  i^ 
net.   iMith    when    in    the    liquid    Iroin  which  it    r^*    prr\:;»i;A:c*: 
and  when  in  a  <lry  stale.      Here,  a^ain.  it  serine  n!!c  !•»  *-r<»"* 
tlial  Fe  < ).  exislH  a^  a  i*<iinbiiiatioii  of  Fr<>  and  Fr  « * 

I'ilthly.    Lef»»rt.    1  (  <•////»/     AVw*/ .   69*    1 7*i »    h.i*    %ti/ATVo      •? 
forming  a  definite  h;i  It  l»\  dinsoUiii^  Fe.H    '^»  ^l  ^**  *   j»:!r.  i:«  •: 
liii>:  the  s4)hition  over  II  S<  >        Tlit^  "^nlLite  ha*  t!u-   .'  v  •.••*"     * 
Fe  <  ►..^S^ )  .  I  ^11  i ).     Hut  l'e<>  t«iinbiiu-%  \%ith  onr  r;«'*r' M^        ^ 
aiul    I'V  O     wjtli    three    iii*>Ifi!!!e<*   «»?    vi  1        i«.    \\\\\    '.'■      •     \* 

l*'i'< )  -f- I'e  < )   \\ i!l  i<»mbini    uith   4   SO        Thr  »*»:.  ' »:  '•  * 

o!  I'e  (►.  i«^  l!iercl»»re  \er\   ditfeieiit  Iffiti  th.it  •»!    I  r*  »  I  «    '  • 

Si\t!i!\      1!  l*\- O     Ik-  i-i»nn»oM-d   ot   .1   inolo  ulr  t^t     l-c«  •    -•    •-' 
toMiH  (tt  I'e  <>    It  would  M-i-m  that  **\\\\  ofu-  ijTi'Up'Mi:  ■*  v  ••^^ 
and  tli.it  m»  iMniur  «►!  the  iiorin.il  Fe.t^   i.iiivxi^t       l*  •!     i  ••  • 

llli:   ti»    Mmi«*k.ih    I     /r»;      ,h:ni     f>h\  *  k'     21.    --;•    a%ii     |i<— .'^'C 

i.hf'r     .';.*«    ,^/ri  '        ts       28,    I  1  **  •     tu«»    %  .iTUf.r'*  ••:    }<  »»     r  *    •' 
h.i\!:i^    ds^tin*  t    «*|K»!th     »:r.i%itie'^    d'.tli  rent  ^»'ii*:!  tir-*  *r    !!  N 
anil  ilintTitit   Uh.iM«»i*  when  i\|»»mi!  t«»   hf.it       it  :.:.■•*  •    ;• 
Fr  <  »     t  aniU't    );.i\  f  the  i«t|»«*titut!»»!i   l*r<  *  Fe  <  ».      iiv.'.*^*      ru.t^- 
the  isniiu-rt'^iu  '»«■  n  •,:.iTdt  tl  a**  dii*   t»»  !hv  pitM-n*  v  "i  tw    »  a**  '  .  » 
.  .1  I'v  i » 

II.iv!!!;^  now   n!h.\\»:  t^  i!  ii'»  ^«»«*!    rea^»n  exi'^t'*   S*  f    Trv**      '% 
Fe  t  V  a-*  U-iiii^    I'fO  It  I  I      and  that   man.    icoi«»I   rrA««a«   c\  •; 
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against  such  a  view,  it  remains  for  me  to  point  out  that  another 
view  of  the  molecular  constitution  is  possible  and  preferable. 

Let  us,  with  Drechsel,  F.  W.  Clarke,  and  some  other  chemists, 
regard  iron  as  being  a  quadrivalent  element,  and  let  us  dismiss 
the  imaginary  ferrosum  and  ferricum  from  our  minds.  Let  us 
also  consider  oxygen  as  being  virtually  bivalent.  And  let  us 
recognize  the  fact  of  the  magnetic  property  of  iron  being  im- 
paired and  well  nigh  destroyed  by  the  union  of  the  metal  with 
oxygen  ;  a  fact  which  leads  us  to  conclude  that  in  any  strongly 
magnetic  oxid  of  iron  some  part  at  least  of  the  metallic  mole- 
cules must  exist  uncombined  save  with  iron.  The  problem  then 
arises  whether  any  possible  grouping  of  the  molecules  in  Fe,©^ 
can  comply  with  the  requirements  thus  premised. 

I  submit  that  the  following  graphic  formula  is  a  solution  of 

the  problem,  viz. : 

O         —         O 


Fe  =  Fe  =  Fe 


0        —        0 

Here  each  molecule  of  Fe  is  quadrivalent  and  each  molecule 
of  O  is  bivalent.  One  third  of  the  iron,  moreover,  is  uncom- 
bined save  with  iron  and  is,  therefore,  fully  magnetic.  We  also 
see  that  a  polymeric  form  is  possible,  viz., 

O  —  Fe  —  O  —  O  —  Fe  —  O  —  O  —  Fe  —  O 


Fe  Fe  Fe 

II  II  II 

O  —  Fe  —  O  —  O  —  Fe  —  O  —  O  —  Fe  —  O 

and  this  may  well  account  for  there  being  two  varieties  of  mag- 
netic oxid  in  both  of  which  the  proportions  of  iron  and  oxygen 
are  as  Fe,  to  O^. 

The  slightly  magnetic  character  of  the  protoxid  may,  I  think, 
be  shown  by  adopting  the  following  formula, 

=  Fe=:  O 
in  which  the  iron  molecule  is  not  fuUy  linked,  and  is,  therefore, 
free  to  combine  with  another  molecule  of  Fe  O,  thus 

O  =  Fe  =  Fe  =  O 
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fonniii^  a  somewhat  magnetic  IkmIv  which  iHcaMt>  oxiilim!  :=:-> 
the  less  iiia)>:iictic  ferric  oxid.  Fe,(),. 


()  -  Fe  -  IV       n 

ami  this,  by  further  oxidation.    l>eCoinc^  tcrric  4nh%tir:d    Kt* », 
or  Fe  ()   : 


o        -   n 

It  will  lie  oli<<*r\'e<l  that  the  Mi)i:i:e^tctl  o>ti'<»tilutioxi  i<  he** 
also  admits  ot  a  |N>lymeric  variation,  vi/ 

o  n 

IV       t  >        Ft 

\\        \  »        \\ 

and  in  .t«  t  •t!d.itiri    with  I  In-  \  u-\%  it  iti.ix   U-  rncv.t:ifri-i   th*:  '.  • 
\  .invtir""*  «»I  li-iTU    oxid  .!•»  wi-I!   .I"*  «»t  Fr  *  •    .itr  kn^-iftn        I'-I-ct- 
.IS  Mitidi  lit  tt  \il\    Jll'*tl\   •»h'<-t\t"*  'i     .     ;•     \:i'       aI*.  ;^hr-^  r:*  ',* 
oliHtr\i«l     rt  <*{K\  till;:     llTTl*      ii\ld    l*«»l'.»'!d.d     J»n»JicrT:r-*       \  i-«  c.« 

|niin«»  ltiiiii.itt«»n  «•!  doiiliU-  N.i^ii-  H^ilt"*!  «lrm«»n%trat«-  tha!  th:*  •-  • 
•^l.iiiif  iikr  "^ili*  .1  .iliiniin.i  !i.id  h\ttr««\iil  tt»  i%  :•  ^\  ?rw":o: 
th.il  till  ( t»!n|N.-»iti«iii  !•*  li  pfi'^  nlid  J»\   •  I"c  *  ►.  ■ . 

In  oin»  hi-:»«n    I  wouiil  .nl.l  x\\.i\  im  thi-  !nfi'v:*»!-'i:  •**»^r%  »:     -:• 
I  h.i%(-  itn{>t«i\i-d  thi- 1 « •till]  *(<«  «•}  n;*>'.itu!i     \.iiriu\   ji.d  t>.c      Lt 
nicu-U  a>  i'ti<»ti*nt.ir\    UMiul   .itd^  t«* '^luh   ai\  xuuW r^Av^lr.^    ir%. 
t'\|ilj|iati«>n  «it  i  ht*nii«  .11   .ttid   ph\  ^ik  .1!  rr!.it:«>n%  jt!ti   ;^hc^  <^-ir  ..1 
jH  |H  |Ml«»%l^l(■  in  till    j-'iMMt  I:r-.iitid  i*»ndltlt>n  «•!  **Xlt    kr>«  <^.^r 

ami  n<it  .ih  rt-pri  M-utitu:  tin  c-^>  d'tt    t j»  t^  t*!  ujtu;r 


A  FEW  REMARKvS  ABOUT  ALKALOIDAL  ASSAYS 

OF  DRUGS.* 

By  Chas.  Caspari.  Jr. 

Unfortunately  the  determination  of  alkaloidal  values  of  crude 
drugs  and  their  galenical  preparations  has  as  yet  not  received 
that  attention  at  the  hands  of  the  pharmacist  which  the  import- 
ance of  the  subject  demands,  and  even  the  pharmaceutical 
chemists  employed  by  large  manufacturing  firms  in  this  country 
appear  thus  far  to  have  been  satisfied  with  methods  yielding 
results  often  of  questionable  accuracy.  In  both  Genuany  and 
Great  Britain  our  professional  brethren  are  far  in  advance  of  us 
in  this  respect,  and  the  inaccuracy  and  consequent  undesirability 
of  the  gravimetric  methods  of  determination  of  alkaloidal  residues 
obtained  in  plant  extraction  have  long  since  been  recognized. 
Surely  any  analyst  who  may  have  taken  the  trouble  of  examining 
more  closely  the  amorphous  residue  obtained  in  an  assay  of  a 
drug,  and  weighed  and  reported  as  crude  alkaloid,  must  have 
had  his  confidence  in  the  method  seriously  shaken  upon  ascer- 
taining that  the  amount  of  true  alkaloid  in  the  crude  residue 
equals  only  from  eighty  to  ninety  per  cent.,  or  even  less.  It  is 
argued  by  some  that  the  determination  of  crude  alkaloid  in  a 
drug  or  its  preparation  is  quite  sufficient,  but  it  must  be  admitted 
that  the  value  of  assay  methods  depends  upon  the  accurate 
determination  of  true  alkaloid  present;  just  as  the  amount  of 
alkaloid  may  vary  considerably  in  different  samples  of  the  same 
drug,  so  also  may  the  proportion  of  impurities  present  in  the 
crude  residues  vary  in  the  same  samples,  and  hence  none  of  the 
gravimetric  methods  at  present  in  use  offer  that  security  against 
error  which  is  alone  attainable  by  subsequent  valuation  of  the 
crude  alkaloids. 

That  such  accurate  valuation  is  feasible  and  extremely  desirable 
has  been  demonstrated  repeatedly,  and  as  it  involves  merely  the 
additional  work  of  ten  or  fifteen  minutes,  it  should  never  be 
omitted.  Any  one  familiar  with  alkalimetry  (and  at  the  present 
day  every  educated  pharmacist  should  be)  can  readily  determine 
by  titration  the  exact  amount  of  true  alkaloid  present  in  a  residue, 

•  From  The  Pharmaceutical  Review. 
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which  would  otherwise  Ik*  weijjhetl  ;i^  rnnic  alkalon]    jr:-!   vi 
results    thus    v<»hnnetrically   obtained    ••u|>|»l\    an    a^-^urars-      i 
accuracy  which  utterlx  fail>  in  the  ^:rj\  inielru   i:uih«M!'«    :•    * 
employed. 

As  a  matter  of  course,  a  little  practiix*  in  ret|utMle  l»-  ^^-^  tjt 
familiar  with  the  end  reaction,  which  i*»  %h«mn  U\    j  iha-.^r   -z 
color.  im|>arte<l  to  some  suitable  in«licat«»r.  .in<l  Mhuh  *I;-»u;  :  V 
ol  the  s:ime  shade  for  all  ojHrratiimH       C«H.*hinral  i^  u^c^!  i*r>«< 
exdusivel)  as  an  indicator  tor  titration  ol  .iIkaK»tds  in  I'.cm^- 
l»ut   it    has  lK»en   found  that   in   the  preM'ntv  ot  «>(her  ti'I»r  -<c 
matter,  often  unavoidaM)  mi\e*i  with  the  re-sulur    the  m-t  '^ 
action  is  not  very  shaq»ly  market!.      Ur    Mew.  anahtual  th«r*r.< 
of  the  SurgiNMi  (feneral's  ofhcx*  at  W'ashin^jton   fifxt  sujcicr^fi  i 
stron>^  dec(K*tion  of   Hra/il  uootl  as  an  indicatt>r  ti»r   a'kaU  t^'.».1 
titrations,   and    in   the   wt iter's   hands  it   has  Itcrn   l«*uni!    -.r-*. 
eiTicient.  the  end  reaction  )»i*in>;   much  •»har|ier  than  m!th  t**  - 
neal.  es}H.-ciall\  it  the  titration  Ik*  ronductetl  m  «|dutc  ^iItj!-»  r^ 

As  all  init-restcil  in  the  ass.iv  ot  alkal«»idal  dru^^*  a*r  like!.  •-> 
Ik'    familiar    with    the  different    ftraMmctfu    mith«»iU    ;*f»^«"«' 
their  merits  anil  detects,  it  can  \k'  s,i:rl\  a%%uniciS  that  the    -^vi"  r 
\\\\\  ih<Mis<-  fnf    iMilation  ol  the  alkalouN  th<    nicth««i   Irkc^    *  • 
\  leld  least  i <»ntamination  with  ct»!orin>;  aiul«»thcr  u^fv  t^v.  r.i'r.- 
ihf  <  rude  tiHidue  tiius  ulitaiiud  ma\  In-  weii^hol  and  ^h»  u'     •    r- 
iM'disNoKrd  HI  an  exresH  ot  ilt*ciii«»rmal   Indrm  hl«»f *.\     ** -.L    »  '• 
llii-  aiil  of   i»enlleheat.  notinj^   the   mindRT   ot   i  ubu    vrr-t   •  ir»«-* 
i»!   .Hid  UM.-d.  and  ni.ikin»:  thr  siiluti«»!i  iiji  t*»  ?i?!^  "^  *'-*c  ':•.  ^  ■     t^, 
»i         A  «*utht  lent  •[•.i.inlitx    of   uuhiat<*r    <  Hra/u   U'»*l   .'.o.'«- 
1^  now   addi-il  t«»Hl;*i\\  tV.e  j»aK-  villow  i«»l«'!  !»rt>*!ii*r\!  ^''^  *.  -v    i. 
and  (  rntiiKntna!  a!k  I'.j  thin  i.irfinl!\  added  irom  a  ***arT!*c     .    * 
the  pali-  |»!nk  r<»Ii»f   «  jh  rr.j.iiienl  i  sh«»WH  that  a  tra^v  •  r  liii      *  :* 
Ikiii    .»«ldt«!    m    iv^v-^N       Tlu    i««rrr\t    Teailiiii;    •»:   the      <:••■  V; 
n«»w   maile    an*!  ttotn  it  tin-  anioniit   o!   .1%  :d   !n  %^»m*t?'i!: 
the    alk.iloi«(    i«»   i.il(ii!atid    .i"    ftillow'^      «»u?    h\%lT*«hNr*,     ;      , 
V-ini:  wi     must    ::ui!tM>N     thi     !itini*<*"i    •■!   i\       u*«\! 

an  alk.ili  \\  a**  t  tiiplitxid      aiul  ir«»m  ihi^*  pn«hut  *•,;'<-*  r  *    • 

niindn-r  «•■    «^      .i!kah    iit-vt^H^irx    to  prti«tuvr    the   l^^Tna^^r!  i 

*oI..i      tht    r«  tujMi.ti :    \\:!1    *n-   the   nnnd'^-f   «•!  tv     <i^      ,,   *. .  • 
«  h!'*r:^     ai  id   '«»!:i^tnv<l    w:*!i    the     ilkaloul     ati«l    irsMv.    it.*      i 


ALKALOIDAL   ASSAYS   OF    DRUGS.  59 1 

readily  be  calculated  the  actual  amount  of  pure  alkaloid  present, 
by  means  of  the  proper  multiplication  factor. 

This  method  of  titration,  involving  the  use  of  both  acid  and 
alkali  solutions,  appears  preferable  to  the  method  suggested  by 
some,  of  dissolving  the  crude  alkaloid  in  ether  or  alcohol,  and 
then  titrating  with  y^^  acid  alone  after  addition  of  a  suitable 
indicator,  since  the  color  reactions  are  more  sharply  marked. 

Another  plan  used  by  some  analysts  is  to  test  the  purity  of  the 
alkaloidal  residue  by  solubility  in  dilute  acid,  and  in  case  of 
incomplete  solution  filter  out  foreign  matter,  render  solution  alka- 
line and  again  wash  out  the  alkaloid  with  ether  or  chloroform, 
dry  and  weigh  ;  this  method  whilst  preferable  to  simple  weigh- 
ing of  the  crude  alkaloid,  is  far  more  laborious  than  that  of 
titration  and  also  less  accurate,  being  subject  to  error  by  loss  and 
otherwise. 

In  the  case  of  drugs  containing  several  alkaloids,  the  result 
can  only  be  calculated  as  totals,  our  methods  of  assay  thus  far 
giving  only  imperfect  and  unsatisfactor>'  separation,  and  the 
multiplication  factor  used  must  be  found  from  the  mean  of  the 
molecular  weights  of  the  alkaloids  known  to  be  present — thus 
for  cinchona  bark  the  mean  of  the  molecular  weights  of  the  four 
alkaloids — quinin  324,  quinidin  324,  cinchonin  308,  cinchonidin 
308 — would  be  316,  and  hence  each  cc.  y^  hydrochloric  acid 
will  be  equivalent  to  0.00316  total  alkaloids ;  for  nux  vomica  the 
mean  of  the  molecular  weight  of  the  two  alkaloids,  strychnin  334 
and  brucin  394  would  be  364,  and  hence  each  cc.  y^(^  hydro- 
chloric acid  will  be  equivalent  to  0.00364  total  alkaloids. 

The  writer  has  experienced  much  satisfaction  in  the  use  of 
the  titration  method  for  determining  the  alkaloidal  value  of  crude 
drugs  as  well  as  fluid  and  solid  extracts,  and  would  like  to  see 
the  method  more  generally  tried  in  this  country  and  results 
reported  in  accordance  therewith  hereafter.  A  more  complete 
series  of  experiments  in  connection  with  this  subject  is  under  way, 
and  data  will  be  published  as  soon  as  completed. 

The  use  of  the  well-known  Mayer's  solution  is  still  upheld  by 
a  few,  but  for  quantitative  determination  of  alkaloids  this  reagent 
is  very  unsatisfactory.  Even  in  solutions  of  pure  alkaloids  the 
multiplication  factor  will  vary  in  some  cases  as  much  as  one  or 


• 
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two    inilli^^rams  for  each  cubic   centimeter.  «>ii  ao-«»uiit  -  :    :t 
ereiice  in  strenjjth  of  solutions:  how  ^reat  then  inu'4  >^  Xhr  'jir 
certainty  when  o|K'ratin>;  upon  s^ilutious  of  unknown  ^:r*:^-tJ: 
of  crude  alkaloids :  the  end  reaction  is  moreover  in  man\  in<j^x«>» 
very  indefinite.     As  a  qualitative  reaj^ent  tM>ne  i^  tirttrr  «r  c»rr 
convenient  than  Mayer's  solution  ami  it  should  tic  invan^aM^  c~ 
ployed  to  test  the  t*oniplete  alistraction  of  alkal«>nU  m  An\  «.:  t  jt 
assiiv  niethcxls  now    useil. 


THK  ivK/rrr  crvhutk  mini: 

|1\    V.  II  %<k     II  %•  t 

The  miiicrnl  •/•i»//^f  WA1  foiiml  for  the  first  time  at  l%tictu!     13   '**-«i*^ 
(trrctiUiKl.  Ity  a  DatHHh  whaler.  wh«>  limuKht  •  |Mc«-r  <»l  tt  toCofirn^^v  • 
withiMit  HtattiiK  whrrr  it  oanic  (n»ni.      It  w«»  fir «t  •Ir^ riK«*t  lt%  >cha«^- v«- 
111    17^^.  aii«l  AiiHly/c*l   h\    Altiiliaanl.   m«>rr  t«*rrrftU    \»\     Ktapr«i<^     «V 
pro>r«l  It  to  rotitttiii  mmU     thr  lir%t  tinir  that  thi«  alkali  h^l   *•«««   *  u  ?*- 
in  tlu' ininrrnl  kini;<loiii  i»tlu*riftiM.*  than  A^ttitiimoti  «Alt       Ftirtbrr  a:>  «' •  w 
h\   \'au(jut*hn.  Iicr/rlui%.  ami  |lr>  illc  i*tfiti)ilrtrl%   r%tal»li%bc*l  t^   «%.*ai7ftr« 
fcitioii  of  thr  nnnrral       Thr  original  im'«  urrriicr  of  thr  mtwrral   ra  •••y«i 
laii't  wrt%  iliMowrtMl  h\   rtirMTtkr  altrr   h»H|C  «rrkiiii:  ■  i*c*  itij         !  ?      <» 
|N4«)  It   w.i%  «»iil\    foiiml   111  ^  H-ntiti<    ('«>llc<'tH»n« .    I>ut    la    iW«    |v.^M^<*M»r 
Jiihiio  ThittiiM'ii  lit  C«>firnhaKvn  |»r<>\r<l  t*r\Mlitr  t«>  W  ra«il«  •Wxvi«a;*-«M    xr 
\*\    Iiitir  Uith  111  thr  «lr\   an«l  iti  thr  wrt  «a%     Ami  %ht>«r«l   tt»  a^-»«:»^- 
to  t)ir  iti.itiii(ai  turr  «tf  mmI.i        lit   l^M  hr  oKtainr*!    an   r«t'!u%i«T    r*^;^'. 
|S.N4    of  iiiiiiini;  (or  crvolttr  aii«l  ift<*rktnk;  it  u)>  in   fimmafk    K«   «».«  »    1  »• 
rtlititiiiia.  thiH  ri);ht  wa**  altrit^anU  %ol*l   to  a  i«*m{«n%        TKc    %.*»t    »9ia 
l.i«  tor\  w.1%  fiuih  111  l^^7.  At  V  t>|itiihai;rn  .    titr  ttr^t  l^r^r  «»fMr    •ttl.  c«   ^^   'i 
.il    1  Mrr«»im'l    nr.ir    i  o|^-tih.im  11        I**     '^'=      »"  ■    latr?    on     fa^*^^-**     «      t 
itv%\vA    .It    IIir*mf»;       M.intilic-iin      I'rak;*'*-      i  .•♦!•! *«  h in :*''.«  n    *<«•    f-'*   ii 
AuA   \\.ifv.ii«        \I!   thi-   I.itti  7    v«.«rL«  ttA\i    hAci   to  »!)«»  ««m!iliu«    *^    :  •«     « 
ttxolilr    «>ini4-thr  lVnn*\  l\  aiii.i  s.ill  M  4".".i***  tii'iii,;  i  •*n»;«ar.  *    »r    Nf-     «» 
lUMf    l'jtt«»*»urv*      >ti    |V.;     t>?.(.kiP(*l    .1  rifcjh:    :»•    two  l*i;r»l»  .*•  mI'.  X^-m      -       i      r 
)>ri»>!u(  t-<l     /  •;  f#f4i  I  ;'#/•' f«a  •'  toii%  fi«  r   Ati.uani     uj-  t.*  .^V4        !•     .^;%  ^{     Ik   -^r 
{iroiHtM-tl  xU'^  iiiiiK-r.il  tor    th<    tiiAii-.itA*  t urt  of  aiunii!iun< 

I  hi  th«-  1A  liolc-  tfoiiiiH^f,  %k  hrti  It r%t  m  ht »!r  «  kri;tir«  ««  rr  %h*;  ^«r*'  "»  •** 
tA  tia»t«*n%«*ftr\i>h*«  %•«•«■  4**  tt  %'»;'f  '  V«i  A*«*iit  *•••  »*f  ^ »%  '  •/  »  « " 
■ininiiii 

\  II  »  r  >  «•!•.!«   .  ••nil  ■»  tf  .'»ri   I  \    ,.  •u!     ••••••:   %  \  »'.!»  \  •••    tSc  ^»*«,?*t  •»  'r    -4    *  '^  i  4 

|t.»\      wk  III  ft    ^itititm*    l4*T*   ?!.•»«     ?i:i»n!ii»       %••♦»»»•»»•    •!>*    m-.tKfhl     •    *  m  •» 
*4  !••%»    ]••%«    iftjtir     111  IT  V      *•'.;*.    ;!i     i    tttofv    :tii}-urr    «!  «*r        <  »«i    iW    M*&  t  .ik  ui 
thr  ft    1*    .%  *«««l    ••?    ;       ••     *.,.!.»»»     •«■«*.  »•!    «!iitr    tr»«»'.;tc   t^'ti^   **%-«ir     ts..»i'« 
Itiittt  f  j!         V  ii\    iimii  •  »I  .•-:  =  •.  lit!  t'n;   in««f  r   t liAti  !  <»r  *  t  *    jw*  »T*»       mi*!*'  wr% 
i«rr}r«tt«t        rh«    )>iir(»t  >«   !<  ;;    U*X    *n\**m    thr    •uft*«r      *iv  «kM»   ^.^^rv-i    v«« 
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it  becomes  very  dark,  and  at  last  almost  black :  but  on  JKnitiitK  tlie  latter. 
it  also  becomes  white.  The  impurities  are  galena,  copper- pyrites, 
spathic  iron  ore.  fluor-spar,  and  lime-spar;  the  surface  is  covered  with 
clay  and  sand.  The  working  takes  place  chiefly  from  April  to  the  end  of 
December,  and  to  a  certain  extent  even  during  the  remaining  months. — 
Lunge's  Sulfuric  Arid  and  Alkali,  3,  53. 

The  cryolite  mines  of  Greenland  occur  in  latitude  62°  N.,  and 
are  readied  by  vessels  through  the  Arsiik  Fiord.  This  fiord 
is  about  one  and  one  half  miles  in  width,  and  at  a  point  ten  miles 


lip  the  mine  is  located.  Ninety  fathoms  from  the  shore  it  has  a 
depth  of  thirtj'  fathoms,  rapidly  increasing  in  depth  towards  the 
other  shore,  where  it  is  about  two  hundred  fathoms.  It  is  frozen 
from  December  until  April,  which  prevents  active  operations, 
though  about  forty  men  are  kept  at  the  mines  during  this  season 
o(  the  year.  The  workmen  are  Danes,  and  everj'  spring  the 
steamer  "  Fox  "  brings  enough  men  to  swell  the  number  to  two 
hundred  and  fifty  people.  The  steamer  brings  all  supplies  from 
Denmark  and  this  is  the  only  source  of  food,  etc.,  upon  which 
the  workmen  can  depend,  the  freight  vessels  being  prohibited 
from  bartering.  The  "  Fox  "  does  tug  duty  for  the  freight  ves- 
sels and  in  the  autumn  returns  to  Denmark  with  a  portion  of  the 


594  THK  (;rkkni.ani>  ckyoi.itk  mink 

workmen.     The  Ixiats  engaj^etl  in  this  tragic  ln-Umv;  !•»  MrK 
and  Dix.  of  New  York,  and  are  sailing  \*eNM:U      Thctr   njr. 
with  the  excei)ti€)n  of  the  *'Avigtut.**  nanu*il  fur  thr  t'-mr    iT^i 
*'Kr>olith.*'  named  foi  the  mineral,  aredenvml  iTom  the  o*u<r! 
nent  elements ol  cr\-oHte,  viz  :  "Argenta."  "   S^nliiini.  *      .Vilma 
•Flnorine."    ♦Imline.  '    'Siliefm,  '     Ahimina    "  an.l      Vl^z.r.k 

The  hist  nametl  vessel  has  prolialdy  iKxrn  Ut<  at  '^ca  :n  a%  s'u  a 
as  it  has  lieen  missing  for  some  time.  The  \e^*<'U  cniciicn:  t 
this  trade  have  many  hardshi|>s  t«>  emlnre.  Iictug  thrratrrwr«l  '  » 
floating  ice.  The  time  ocx^upied  in  making  a  \'«>\agr  tr«>ci  1':^  .1 
delphia  to  the  mines  and  return  is  not  le^<k  than  tm«v  iii«mth%  i-»! 
sometimes  it  requires  seven  months  to  ixtmplcte  the  tnp  l!  :*  t 
rare  thing  for  a  vessel  to  make  two  tri|>s  in  a  ^ca?«ni.  The  trr:*h:* 
however,  are  g<xKl  and  there  are  no  harlior  duc^  in  t»rrrtiUr^i 

All  the  cryolite  is  im[M)rted  h\  the  Pennsylvania  Sah  M acauc 
turing  Company  and  it  is  delivereil  at  Crrenmich  jtier  S*f  «^.  •.  H 
the  ship  c^mipany  receives  ;;>.  fnl.  freight.     The  tvM  «>l  a  v  r    t 
cryolite  tleliveriHl  at  IMiiladelphia  i?*  atM»ut  $j^s  «*»      The   i^Az  %>, 
government  charges  an  ex|M>rt  duty  u\tim  the  minrral     T>.:*  *I  •:  * 
IS  o)mpnted  by  c»neof  their  re]»rrscntativcs  at  the  pla^x'i^e  drl-^r--^ 
The  omtract  calls  for   io.<ww>  tons  annualh  .  hut  this  \riT  t^< 
amount  pnthahU  will  In*  hut  halt  this  011  atA^mint  of  the  h^       I'   « 
estimatetl  that  H.<Mwt  to  t).cn«»  tons  !ia\e  l>ern  oKtaiDrtl  an-.-.j 
for  the  last  tweiitx  eight    \ears       The  \alue  t»t  the  |»T«wiiKl     " 
fM kited  from    iHfi;  t<»   iSM»  inclusive  i«*  a!"mt  5i  7*«»«*«»       •  >r   • -f 
(|uantit\  nnned   .1  |»*»itiot»   in  s^-nt  !•»  St    IVterslmrg       The  c-"  -r 
priNltu  t    )>    under    the    imitrol    nt    .1    iimifum     tti    v.*t*f«rr.V.A^t  ". 
although  llir   Pcuiisn  Iv.ini.i   Sail    Maiuitai.  taring  C«*in|»kats^ 
ti«»N  the  .\uH-ruan  tiade 

Tlie  niiiiin^  of  ii\.ilite  i**  eutifelx  ni  i  harge  «•!  I»anc^  i-i: 
the  methiHl^  in  um*  .ire  praitualh  the  sjmc  as  nerr  tti  -.^x-'' 
uhen  the  ninu'*  were  t\x*^\  \\orke«l  The  mine  i»»  eighth  «c.T"t 
feet  in  diaiiKtei  and  h.i>  .1  i  iii  umtefemv  «»!  threr  hucKtrr^:  »••_ 
Hi\i\  live  teel  It  !•»  iiinet\  l\\«»  lit?  troni  the  nwr  !uii  *•*: 
\*as  first  wniketl  .it  !i»ur  leet  aUixe  sc-a  lexel  it  lias  m«m  fT*.  !<•: 
a  depth  ot  1*^^  leet  In  MaNting  \er>  %mall  charges  are  a*r«. 
The  liagnieiitN  .lie  !«i.hUd  «»ii  tars  (»t  h\e  tons  ca|ikft^'itx  x: 
cats  are  drauti    up  an    iiuhiie   S\  n«ean'«  o*    an  rn«idr«»  v^ 
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The  cryolite  is  assorted  and  piled  in  five  heaps  upon  the  earth 
between  the  mine  and  the  shore.  The  impurities  amount  to 
twenty  per  cent.  The  contract  requires  that  ninety  per  cent,  of 
the  material  shipped  shall  be  cryolite.  In  bringing  it  to  this 
state  of  purity  a  g^eat  deal  is  lost,  in  amount  about  2,000  tons 
annually.  This  waste  material  is  used  in  making  ground  about 
the  mine  as  a  protection  against  the  fiord  and  the  water  gathered 
from  the  surrounding  mountains.  The  floods  gave  so  much 
trouble  during  the  pa.st  season  as  to  cause  fear  of  the  necessity 
of  abandoning  the  mine.  The  causes  of  heavy  loss  in  assorting 
the  mineral  are  two  in  number :  ( i )  The  occurrence  of  im- 
purities in  large  lumps,  which  take  with  them  considerable 
cryolite;  (2)  The  shipment  of  cryolite  by  cars  after  its  arrival 
in  America,  thus  losing  fine  particles  of  cr>^olite.  In  preparing 
the  mineral  for  the  vessels,  the  large  masses  of  impurities  are 
thrown  away,  and  also  the  fine  particles  of  cr>'olite.  If  either 
were  left  in  the  cargo  the  mineral  at  Natrona  would  have  a  per- 
centage of  impurities  higher  than  allowed.  Only  large  pieces 
of  cr>'olite  are  shipped.  This  method  entails  a  large  amount  of 
waste.  Although  the  consumers  are  willing  to  take  the  product 
just  as  it  comes  from  the  mine,  the  Danes  prefer  to  keep  the 
contract  as  it  stands. 

The  vein  appears  to  widen  as  the  mine  deepens.  For  the  sake 
of  safety,  on  this  account,  pillars  of  cryolite  are  allowed  to  stand  at 
intervals  of  thirty  feet ;  the  columns  are  eight  feet  in  diameter  and 
support  the  surrounding  rock.  The  vein  of  cryolite  separates 
from  the  rock  enclosing  it  with  a  clean  fracture,  so  that  its 
boundary  is  easily  distinguishable.  There  appears  to  be  no 
decrease  in  the  quantity  of  the  cryolite,  but  at  the  present  depth 
of  the  mine  the  quality  is  inferior. 

When  the  mines  are  closed  for  the  winter,  salt  water  is  run  in 
from  the  Arsuk  fiord  through  sluices  until  it  is  filled  to  about 
one-third  its  depth.  It  is  allowed  to  freeze  and  in  the  spring 
when  work  is  resumed  the  ice  is  removed  in  the  cryolite  cars  and 
the  water  pumped  out. 

When  the  cryolite  is  piled  upon  the  wharf  it  remains  until  the 
vessels  come  for  it.  Extending  from  the  land  are  floating  wharves ; 
one  end  is  attached  to  the  rocks  in  such  a  way  that  the  other  end 
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floats  al)out  it  as  a  center.     These  whanes  arc  three  m  r.iimV- 
It  is  over  these  that  the  men  wheel  the  inohti-  t.»  the  \f^vic*.* 
The  vessel  having;  l>een  towetl  into  place  h\    the      ¥*»x       ^  i<^ 
anchor  and  also  fastens  to  the  slmre  !>v  caljlr-*.      Thr  uiui't    ♦ 
fastened  and  the  IfKidin);  iK'j^ins.      After  the  vex>c-l  41 1'^  ils    ir^^i 
it  is  to\ve<l  ont  hv  the  steamer. 


DHTHkMINATlON  (>!•   yllNIN   IN 
CINCHONA   HARKS • 

It\      I       H      *«KllMtl'T      <•»     ««-••»    .1   «^   « 

Althon^jh  numerous  metlKxls  have  fieiti  }ni!»lt%hc»l  N»f  !br 
quantitative  <leterminati(>n  of  quinin  in  cinchona  l«jirk%  thc^ 
have  the  disadvanta^je  of  cither  l)ein>:  t«*o  tetltou**  am!  o»n;;»I:vi!c^! 
or  of  yielding;   uns;itisfaclory   resultn 

The  nietlnnl  for  ohtainin>;  tjuinin  tartrate  free  trom  o»N^  *••  x»! » 
enable  determination  <»f  the  <{uinin  Uv  {M>lar:xatiot]    i%  %ti!!  ic*-^  a 
pri>found  secret,  and  I  would  *»u>;>jest  the  lonoHin^*  nicth<«!  »y  .h 
has  j^iven  me  very  Hati^facttiry  re^^ults    T\\tnt>  jjram^o!  jrr  t'-'r^f 
finely  |M»\vtleretl  cinchona  hark  are  placed  m  an  l!f!en?:i<-%rr  £x«^ 
ttj^ether  with   ten  cc     ten   \h:x  tent    ammoui.i  U4trf     tmmtx   .\ 
iniivtN  |KT  lent    all  ohol  aiul  i7.»it    rthrr    .in«!  the  nr.\!urr  r- a  x' 
atcti  tor  luent\   lour  Iuuitn  with  trrtjui-nt  and  .ut!\v  4^-:!j!"  - 

!«>«>  IV    of  the  rli'.ir  liquid  .ifr  tian«*!erTed   to  ,\  \n:.\Lvr    :*T-r. 
s<-\in  ci'    watcf  and  tlucv  ot    loin   n      !u*ri:i.i!   h\.!rv*::*    -•      x 
art-  .idtlnl    .itii!  \\\K'  liquid  M-t  .i>uli-  :••!  Iwiiit^   J't:r  V.  ..!•'*  \     i       • 

-iMiUlailiMUlH  t  \  :||»«»I.itlon      M\\    ,\\yx*\uu   ,\\U\  AXIU\\*\\\X  <•    '    '^   '     \ 

i!i>^  in  thr  !i»|Uitl  .ite  tltiviu  o!t  l'\    hi-.it   on    i   \*  .itt  r  *  i!>    j 
luri-^^aTx     .III  atlditi«>iMl  qu.intitN  «•!  rittrnj.il  !i\ilr»%  *.;»-•      a  * 

ad'Ud    N«»  as  1. 1  ohiaMi  a  lu  iitr.il  •»!  ••tilx  lainth  av  :d  %•!•.:•.■  I' 

thr  liquid  Ik.-  t««»  Ntroii^!\  a*  u\  it  '^hfu!*!  \n:  neutrah/r'!  V^  i  :  :  :  - 
«»I  t  iiu  honni  but  Miid*  r  !io  »  tr*  uri-KtaTu  f*  >ho»a\?  .i":--*  i  *• 
|>otas,Na  ""-iliiiji^ti  *•«•  iiM'i!  !•»!  \\\%.    pur;-  m 

In  »  aN<-  \tt\  h'.i^li  kif.idi'  /  fd\<f:.:*  :  *»arVs  .*.rv '.m  !rr  c  \  x-    -.: 
tioii  It  ina\   ^K-  !u-ifsN,ii\  to  add  .i«*  nuu  h  a'*os;r  or  tw^»  .\     •.•kir-ri' 
ai'!»!  adtliti<*!ia!    n«.  i^  t«.  itiNtin-  o»mp!rti  %i'!u!!on  ot  tSr  A'ka>  "':• 

Thr  «pM!itit\  ••?  '.N|nid    f:iiill\    Trtn.iitr.iiv:    4!?cr   r\  a:%  r*!     *      f 
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alcohol  and  ammonia  should  not  be  less  than  fifteen  cc.  ;  greater 
concentration  and  acid  reaction  frequently  cause  decomposition. 

After  cooling,  the  liquid  is  exposed  to  the  air  for  some  time 
until  it  becomes  clear,  a  reddish  brown  coloring  matter  usually 
subsiding  ;  when  clear  it  is  filtered  and  to  the  filtrate  two  or  three 
gms.  potassium  sodium  tartrate  (Rochelle  salt)  are  added,  the 
mixture  warmed  for  fifteen  minutes  on  a  water- bath  and  set  aside 
for  twenty- four  hours.  The  precipitated  tartrates  are  separated 
by  filtration,  washed  with  as  little  water  as  possible  and  drained. 

In  order  to  make  sure  that  all  quinin  and  cinchonidin  have 
been  precipitated  as  tartrates,  the  mother  liquor  may  be  warmed 
again  with  a  small  portion  of  Rochelle  salt,  whereupon  it  should 
remain  clear. 

The  mother  liquor  and  washings  should  be  measured  and 
(according  to  Moens)  0.0008  gm.  for  each  cc.  of  the  former,  and 
0.0004  K^^'  ^or  each  cc.  of  the  latter  added  in  the  final  calcula- 
tion for  quinin. 

The  washed  tartrates  are  now  dissolved  in  water  with  the  aid 
of  hydrochloric  acid,  avoiding  a  large  excess  of  the  latter ;  the 
solution  is  treated  repeatedly  with  ether  in  a  flask,  as  long  as  the 
ether  becomes  colored  and  continues  to  leave  a  residue  on  evapora- 
tion ;  by  means  of  sodium  hydroxid  solution  the  alkaloids  are 
precipitated  and  dissolved  in  ether  with  aid  of  gentle  agitation, 
the  treatment  with  ether  being  repeated  until  all  alkaloid  has 
been  brought  into  solution ;  the  ethereal  liquid  is  finally  evapora- 
ted and  the  residue  dried  to  constant  weight  at  1 00°- 110°  C.  and 
weighed.  If  cinchonidin  be  present  in  the  alkaloid  it. will  be 
detected  by  the  white  crystalline  powder  present  in  the  residue. 

In  order  to  ascertain  the  exact  amount  of  quinin  present,  the 
alkaloidal  residue  is  treated  with  a  saturated  solution  of  cinchoni- 
din in  ether,  which  dissolves  all  the  quinin,  but  leaves  the 
cinchonidin  unaffected.  As  far  as  known,  ether  saturated  with 
cinchonidin,  when  added  to  a  mixture  of  cinchonidin  and  quinin, 
takes  up  only  the  latter,  without  losing,  at  the  same  time,  its 
own  cinchonidin ;  any  residue  so  remaining  is  then  quickly 
washed  with  a  little  pure  ether  and  carefully  dried  to  constant 
weight.  The  difference  between  the  weight  of  the  final  residue 
and  that  of  total  alkaloids  first  obtained  is  calculated  as  quinin. 


SI'ICAS  MICTHOI)  FOR  THK   DKTKRMINATI' 'N  « 'r 

IMIOSIMIORIC  ACID  • 

Iti  till*  (mir.  (him.  ttal .  12,  117.  Matter  SpuM  \\x^  T»n.:«-^«.    1 
new  inctlKHi  for  the  voluini'trir  cIclcrininalHHi  ••!  phi'-^plnrr.    1 
This  nicthcNl  is  f<>tiii<iiMl  uiMmthi*  o»fn|ilt*tc  pnt  n»!tji!«»ii  «•:  :  *    - 
phoric  add  from  nctitral  viliitiotis  !iy  |M»taxsuiiii  uriir  *ii!tatr   l% 
kTric  phosphate       Theo|KTatioii  imist  lie  i^»tw!iu-tc^l  »«  ilic  .•  •! 
aii<l  the  pliosphoric  aci<l  -rf>hition  niiiNt  !h'  Ukv  !n»ni  !«»mfc:r:  *a  •• 
Siilicx  lie  aci«!  is  iiNtil  as  the  iinlicator. 

If  ]M>tassiiiin  ferric  sulfate  S4ihitinii  is  a«l«leil  <iri»|»  !»\  ilrf'^»  !      1 
phosphate  sohition  omtaitiin>;  the  imlicator.  the  prcxtpitalc  «  :.*%  :i 
forms  has  a  vioU-t  o»lor  uliich  <Iisapj>eafs  011  shjkin»:       A^  tSr 
eiul  o!  the   reaction    approaches,    the    o»li>rulioti  t^t-^prK-*  r.  rr 
intense*,  antl  the  \%lit»le  mass  takes  a   violet  tnijijr    ami  ^»  rrr^ir-** 
it  (iifl'irtilt  to  (letect   an  excess  ot   lerric  ahini       Kvrn  it  wr  •  1  ! 
until  the  precipitate  settles  ilu*  eiul  [»oint  is  chtficult  t*»  li%    *:  •■  ^ 
the   lii|ui<l  has  the   Molet  ci»loration    as  ucll       On  t»'tl::3i:     •.  < 
(olnration   disapju-ars    unlesN    a   ^^teal   cxifvs  <»|  Jcrru    ^'-i-      » 
pitsfiii.      Tile  «litfcrence  iK-tweeii    the    amounts  *i!    ter?ix     l     t: 
neei|c«l  in   the  i«»hl  .in«l  at   a  N»ilin>:   tem|Mraturr  ts  c*iUi       -  '• 
l\\fnl\    «r     H4Hliuni    .ii:n:i<»u!tnii    ph«»^ph.itv    si»Iu!io:i      ■  •!     » 
«ini   t(         •  •  <  • 'H  •  vein--    I*  ( )   •    t«»  .iU>ut  t\%«M  c    -  •!  .1  xatitT  Atr».  ■* 
tmii        \\\     V4\ri.i!    r»»r.ip.ir.iti\e    «lvtcrir.iiiat!«»U'*    the    o,".:-    x 
\  a\\v  ^A  thf  liiiu    .ilui!i   rn.iv   It    «iitc:t-i!?u«l    :*  ."r-.^i^r*      •   * 
\\\y    »  .iN!l\    pnntutl   mil  T«M  .»-»!n:<    vitt 

\    vi.aili"!'.   «'!   ••r!h«j'h««^ph»»r:«    .i-  i«l    :u  utta'.^/t*!    ».!?:    ^••.•- 
h\«l'«»\!«l  *  otit.iiTird     .It  t 'iil'.i.i:  l»»   tl'.c    ii;fl\  USr*     j*  :«1    ?•  <  t      • 
ti'iiT  .4;:u  t'ln-^  »U  ti  !:nin.»!i«»n'*    '•  .r<!tr*^n!  ph«'^p;s»»r*.:*r».    •    \ 
.ii  \  »»!«l:!Jv:  *'*  ^^J"«  •*  **  *■•*  th«««l  !n  the  vi»!il  ^  *  ^  an«l  ^  •» :  ••!  * 

j«T»i:;t    :!:<"!  ■.■ri:>  jH  !jt«'\s!        I:  mt'ii  ••:  tl.c  ttvl  >  Jt    -     •   - 
\\\K    I  M'l   j»«';'it    :        \\\\   •■.  >\\    ^\'^\\^  u!l  !  '  .Ii  tffi'.i- v.c 

I   v|»*  :  :t::t  !'.!-  w  •:'.;•  tin  :   :!:il:»  .i!.-:-*   ,^.i\«     <:!'.    *t  ^-^   s.i:  •   ;   ' 
ii*'ii!tH       T. '  .li  *..  :!  .:t:t    p);- .x;.h« -r  :v    .u  :»»   v.\   Th-itiA*   sIa,^      "^  .      i 
•  liTitt'*   \\\.\\    *\'K    ^\\^    't    I  •.  i>i.il«-<!    \%:!h   i«'!u\  t-tritt'^l    ^ 
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iium  and  manganese  the  phosphoric  acid  taken  up  with  absolute 
alcohol.  This  method  of  dissolving  suffers  from  the  known  error 
that  the  separated  sulfates  contain  phosphoric  acid ;  and  only  by 
the  use  of  a  large  amount  of  alcohol  can  all  the  phosphoric  acid 
be  brought  into  solution. 

The  residue  from  five  gms.  Thomas  slag  treated  with  sulfuric 
acid  and  extracted  with  500  gms.  absolute  alcohol  was  treated 
with  nitric  and  hydrochloric  acids ;  the  phosphoric  acid  determined 
by  the  molybdic  acid  method  was  found  to  contain  0.61  per  cent. 
P,0,.  Another  slag,  treated  in  the  same  way  but  extracted  with 
1000  grams  absolute  alcohol,  contained  0.29  P,Oj  in  the  residue. 

In  consequence  of  this  unavoidable  source  of  error  on  the  one 
hand,  the  total  amount  of  phosphoric  acid  cannot  be  determined. 
On  the  other  hand,  by  slow  washing  with  alcohol  a  part  of  the 
iron  oxidizes  and  becomes  soluble  in  the  alcohol.  If  such  a 
solution  is  neutralized  the  phosphoric  acid  is  precipitated  and 
the  solution  becomes  worthless  for  the  determination.  A  Thomas 
slag  which  gave  17-88  f>er  cent,  phosphorus  pentoxid  as  the 
mean  of  four  determinations  by  the  molybdic  acid  method,  gave 
as  a  mean  of  eight  determinations  by  Spica's  method  16.59  P^r 
cent,  phosphorus  pentoxid.  A  slag  which  contained  17.63  per 
cent,  phosphorus  pentoxid  gave  by  Spica's  method  only  15.84 
per  cent,  phosphorus  pentoxid. 

Another  slag  containing,  in  mean,  9.18  per  cent.  P,0^  gave  by 
Spica's  method  when  extracted  with  a  large  amount  of  alcohol 
8.86  per  cent,  in  mean. 

As  a  result  of  this  examination  the  conclusion  is  warranted 
that  the  new  process  is  scarcely  likely  to  find  its  way  into  the 
laboratory,  because  it  is  (i)  dearer,  (2)  requires  too  much  time, 
and  (3)  does  not  give  accurate  results. 

NEW. BOOKS. 

Venable's  Qualitative  Analysis.*— The  works  on  qualitative 

chemical  analysis  are  legion,  but  this  little  book,  which  Dr. 
Venable  originally  compiled   for   use   in   his  own  classes,   will 

♦a  Course  in  Qualitative  Chemical  Analysis.  By  F.  P.  Venable.  Ph.D.,  F.  C.  S..  Pro- 
fessor of  Chemistry  in  the  University  of  North  Carolina.  Second  edition,  pp.  53.  New 
York  :  Uuivcrsity  Publishing  Company. 


Ouo  NtiTi:s. 

coniineiul  itself  readily  to  the  teacher  ol  the  Mihje\t  «»:  *):■  -  t 
treats.  The  intHxIuctory  tables  Un  hl(>w|>i|M:  H«rk  Atui  xhr  •  ■r 
cludiii}^  tests  for  acids  are  es|K*ciall\  valuahlc  Crrd:!  ;*  ^  -'': 
in  this  second  e<litioii  to  Prof.  F.  IV  IHtnnington.of  the  Inv.  r-*  :■ 
of  Virjjinia.  for  assistance.  Only  three  >:ti»u|h»  i.f  Kj«<-»  irr 
recoj^nizetl :  hirst,  those  preci[)itatetl  from  ac:d  ^»Iut:«»r.*  ^^ 
hydrogen  sulfid :  second,  those  not  prei'ipitateti  S\  hxdri-ic^f^^ 
snlfid  but  bv  ammonium  sulfid:  and  tkitd,  th<*M:  whuh  t>r::.*,ef 
hydrogen  sulfid  nor  ammonium  sulfid  wtll  prect(»itjitr  \\  « 
|>erhaps  o[>en  to  debate  whether  it  is  not  caMcr  tt>  trA\  \\  •  » 
dividing  into  a  larger  numlxrr  ol  gn>u|>s.  The  expljin^ts  r.%  -  k 
chemical  reactions  are  clearly  made  and  the  general  iiujfr^v  n 
conveyed  !>y  a  }>enisa]  of  the  lMM>k  is  that  a  carctul  unc  «•<  tbr 
same  by  the  student  will  prove  it  to  lie  what  it  was  mnttre  '•  t 
"not  an  assistance*  in  mechanic^al  uork  tmt  an  itKrtit^r  :> 
thought  and  reflivtion."  \    w    > 

NOTHS 

I-!.  A.  <lc*  Sc'lnveinil/  has  Ikiii  t-k-clol  I.cvturrr  »»n  v'hrrr.  »r-* 
in  the  Medical  iH-partmenl  c»t  C<»Iunibt.in  rni\er^!t\     \\  lO*.     ,: 
ton.    I).   C.   CharlcN   I*!     Muiiuhv    Trotc^siir    •»}  Ch«:v.'<?.      i-  ' 
H    C    HoliiMi    nnn  ri-*idc*nl  l.cvtnm  *»:i  tlu-  Hi^t«ir>  «»:  OHc--  *"• 

in  the  ^mwk  niNtitution 

Mr    S    A    l-'ortl,  chiet  rhftni^-t  «»l  thr  I-Mg^r  Thi-trt^^^t  >•:*' 
Woiks.   at    liradd<Mk     lia^  rts,j^iutl  Iun  ^MiMtion       IV.   hca.t       * 
ostcn-^ilih    the-  iau«<-  «»!  llu-  rc'*ignati«»n     .iiid  iVt^tictal   Sujtr*** 
tctidcnt  (»aNlc>  .  ol  the-  plant  avivptid  it       Mr    h»»rd  ha*  \\\K  v* 
u*s|Minsiblc*  }M»>itinn  ol   1  hut   ihcini«*t  V*\  the  j»a^t  5«»urtcrr:   -ta-* 

ketciiiuf  wa**  madi*  in  thv  August  nutubcr  «>:  the  J-**,  is  \: 
<  6,  4.*.*.  I«»»»l  n«»ti»  tt»  thv  troublv  c  \|ii-ruMur«l  in  th«  *.a*«^'-»:  t*  ■ 
ot  the-  Nf\%  V«»tk  Tartai  C«»ti»p.in\  bv  ti:n^M}<i  i;r«i>mtK«  ly^nri- 
ing  in  .  NulltiTu  a*  It!  Thr  nMrn:al  '-♦«iit:"n  aj-|varrr*?*. .  » 4% 
n«»t  Niibjf\  t  t»»  thi«*  »lio»nijw»^ition  Mr  C  J  I«awlfr  vhc&:<>f 
thr  Kt»\al  Haking  l*t>\\iti*r  Com|van\  int«»f •u<sl  lur  rrcx^tl\  ;h.at  be 
lud  c-\{H*ficn(-i*d  thr  sanii-  trottbU*  but  had  f«»und  a  strnfOc  «i«  < 
(»!>\i:iting  It  \i/  *»\  adding  a  tt-u  dn^pnoj  chk^n^titrR:  \m*  l:t*?  V> 
the  treshh  made  standard  ^>luti<»n  ol  ^^ulSurw  acul        \    11    « 
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A  MODIFICATION  OF  SCHUTZENBERGER'S 
METHOD  FOR  DISSOLVED  OXYGEN. 

By  Augustus  H.  Gill.  Ph.D. 

N  the  course  of  the  investigation  of  the  water  sup- 
ply as  carried  on  by  the  Massachusetts  State 
Board  of  Health  during  the  winter  of  1887  and 
1888,  it  became  desirable  to  estimate  the  oxygen 
dissolved  in  the  various  waters ;  the  only  avail- 
able method  at  that  time  was  that  of  Schiitzen- 
berger,  which  was  somewhat  modified  and 
yielded  very  satisfactory  results. 

The  changes  in  apparatus  and  method  are 
briefly  these :  ( i )  arrangement  of  apparatus  so 
that  the  water  can  be  measured  and  introduced  into  the  Woulff 
bottle  out  of  contact  with  air;  (2)  the  use  of  a  gentle  pressure 
of  hydrogen  to  exclude  air  from  the  Woulff  bottle  when  not  in 
use,  and  from  the  hyposulfite  bottle  and  burette;  (3)  the  use  of 
indigo  free  from  indigo-rubin,  enabling  sufficient  indigo  to  be 
used  to  combine  with  all  the  oxygen  in  the  water  and  the  end 
point  to  be  sharply  read ;  (4)  the  titration  being  made  with  the 
same  quantities  in  the  Woulff  bottle  and  in  the  same  time.  The 
apparatus  will  be  understood  from  the  figure. 

One  neck  of  a  liter  Woulff  bottle  has  passed  through  its  stopper 
the  inlet  tube  for  hydrogen  i  and  the  siphon  s  for  emptying 
the  bottle ;  the  second  carries  the  tips  of  the  indigo  and  hypo- 
sulfite burettes ;  the  third  holds  the  separatory  funnel  /  and 
the  outlet  for  hydrogen  o.  The  stopper  of  the  funnel  /  carries 
three  tubes,  one  of  which  is  connected  with  the  outlet  o  from 


(Kt3  MKTIIOD   F()K   IIISSOLX*!!!)  UX>'UKX. 

tilt  WouIH  lifiltk-.  tlif  SK-contX  willi  thi-  valve  tmttlt,-  \  - 
tlu-  riiint  niitlcl  fur  )iy<ln)Kvii,  lliv  thinl  with  tlu-  l»wv: 
th(.-s)i>lii>u.>'. 


Tlu'otlui  !iiiil...|  tln> -.i|<h..ii  txlt-ii.N  lull  «j\  .)•->-.  : 
l->tlt<  Ml  ^f.itvi  t..  I..-  .itiatwvl  It  I-  t<i«vi.l(M  «i;t!-.  1  T  *  " 
••I  litliit;: 

yf.:h.J.r  r,.:..iu,.  The  W-ulfl  l-«!r  an.!  :«•  -xt  *rr 
l.l.l.U  lilli.l  with  «.«t.r.  tlM-  '.iii.tl.-^  (iltnl  tl.r  -,—*, 
cl'.st.l  .lii.l  tliio--;.  "I  Ihv  In.ltiiKfti  Ktn«ati-»  iiv'  :Sc  *?■ 
.li|.  >  ..i^m.l  Tiu-  n.iUi  1- .li-,,l...i-.l  t!.t.  Hi:h  ar-.!  ;>^  * 
;i|>|>ii.itii'.  -li'.:-  !:',:»-.I  with  ll\<Ir..i;rn  T!ir  '[•fi;:^  .  :■;•  •  - 
■.lint  iml  .  -.(till'!  :ill<<\\iitt;  :i  -I>'w  lurtviH  <■;  hv  '.--vrr.  •: 
tliftiKli  til.    I}!-!'  iMi- 

V>'\\t  Imii.lr. -;  .  (I'.i.  it'iiliiuftcr^  .■!  tlu-  «atrr  t  ■  »^  :r^^ 
iiitii<iliKv<l  thi-'ii^l:  t)K  tiiiiiiv;  iiit>'  tlu-  \V.>u:i!  Uvi'jc   t^c  Vi. 
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re-filled  and  twenty-four  cc.  indigo  added  from  the  burette.  The 
deep  blue  color  is  now  discharged  by  cautious  addition  of  hypo- 
sulfite,  the  amount  being  noted,  until  the  pure  yellow  color  re- 
mains pennanent  for  one  minute  by  the  watch.  The  two  hundred 
cubic  centimeters  in  the  funnel  are  now  run  in  and  the  blue  color 
discharged,  the  same  end  point  being  taken  as  before.  The 
difference  bet^^'een  the  amount  of  hyposulfite  last  used  and  that 
previously  used,  represents  the  amount  oxidized  by  the  free 
oxygen  in  the  water. 

Close  the  spring-clip  r,  open  a  and  b,  the  water  in  the  Woulff 
bottle  will  be  forced  out  through  s  by  the  pressure  of  water  filling 
the  funnel  and  received  in  a  250  cc.  measuring  cylinder.  When 
y  is  full,  close  a  and  when  the  amount  of  water  in  the  cylinder  is 
equal  to  208  cc.,*  plus  the  amount  of  hyposulfite  added,  close  b. 
This  will  leave,  within  a  few  cubic  centimeters,  the  same  amount 
of  liquid  in  the  bottle  for  each  titration, — a  point  of  importance 
to  be  observed.  Eight  cubic  centimeters  of  indigo  are  now 
added,  and  the  liquid  decolorized,  the  end  point  being  taken  as 
above,  the  amount  of  hyposulfite  being  noted.  The  two  hundred 
cubic  centimeters  of  water  in  the  funnel  are  now  added  and  the 
titration  repeated  as  above  described.  A  mean  of  the  amounts 
of  hyposulfite  is  now  taken.  The  hyposulfite  can  be  standard- 
ized against  fully  aerated  water  as  recommended  by  Dupr6,t  or 
by  ammoniacal  copper  sulfate  solution,  according  to  Schiitzen- 
berger.  \  The  aerated  water  is  prepared  by  shaking  pure  water 
in  a  shaking  machine,  renewing  the  air  in  the  bottle  by  sucking 
in  the  outside  air. 

RESULTS. 

(i)  200  cc.  water  required  7.95,  8.00,  and  8.10  cc.  hyposulfite.  Average, 
8.05  cc.  I  cc.  hyposulfite  =  0.0224  cc.  oxygen,  .'.  cc.  oxygen  in  the  water 
is  8.05  X  0.0224  X  5  X  J  =  5.410  cc.  By  eudiometric  analysis  of  dissolved 
gases,  boiled  out  according  to  Reichardt's  Method,  {National  Board  0/ 
Health  Report,  1882,  p.  284).     5.772  cc.  oxygen  were  obtained. 

(2)  200  cc.  requiretl   7.80,  7.85,  7.85  cc.  hyposulfite.     Average,  7.84  X 
0.0224  X  f  X  5  =  5.302  cc.     By  gas  analysis,  5.365  cc. 

(3)  200  cc.  required  6.75,  6.55,  6.66,  6.62  cc.  hyposulfite.     Average,  6.65 
X  0.0224  X  5  X  5  =4.467  cc.     By  gas  analysis,  4.4512  cc. 

♦KiRht  cc.  equals   \  the  indigo  added  which  is  taken  out  by  the  200  cc.  of  water 
already  siphoned  out.  leaving  400  cc.  behind. 

t  Analyst.  10,  156,  J  Bull.  Soc.  chim.  (Paris),  20,  145. 
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The  hyposulfite  wan  sUaitdanliKed  aKain^  aeratctl  ma:rr  x\  i 
known  temperature  and  ammoniacal  copper  !buUatc  s«lrntva. 
results  l)ein|;  obtained.  The  factor  an  recommendevl  h\  Hmts.%m^ 
and  Williams*  was  found  to  j^ive  a  clo«ier  apf>mxtmati«m  th^n  &« 
recommended  by  Dupri.^ 

In  reportinjj  results,  if  the  plan  suKi;e«te<l  by  Dupre  W  a«i*5<r^ 
'*in  percentage  of  fXMsible  amount."  care  niuM  be  taken  :^a: 
the  teni})erature  which  is  used  as  a  liasts  be  that  ol  the  rtxrr  •  r 
pond  a/  thf  time  of  /airiMX  the  sample .  I  ha\*e  found  that  :br 
temperature  of  imperfectly  aerated  water  can  lie  rat^«cd  or  kr«rrrii 
ten  degrees  esfiecially  when  tightly  »to|»peretl,  mithout  jffn-t-.tr^ 
the  amount  of  oxygen :  that  is.  the  alMitrpCion  or  e%^klot:«.«  s4 
oxygen  lags  liehind  the  changes  of  temperature.  NeArt\  orr-t 
one  who  has  used  the  pnK*es».  has  reccmimemled  ccnrnetit  *^ 
hyposulfite  solution  with  a  layer  of  oil  to  pre\-ent  the  ab«urpcxA  jtf 
oxygen,  but  this  is  worse  than  uselem.  as  (tniem^tawi  anil  U  alsb^cl 
have  shown  that  oils  al>Mirb  oxygen  more  readilv  than  ««:rr  i 

Potassium  pyrogallate.  in  my  hamls.  dtd  not  gt\*e  %att«iftrti-r^ 
results  as  a  means  of  pn>tecti<m  to  the  hy|MMul6te  ^u2ot^«      \ 
connected  the  tt>p  of  the  burette  with  the  hvdn»gen   grtsrrmt  r 
siphoning  in  the  hyfKtsulfite  at  the  lioltoni.     The   h\|a««cil^tr 
stix'k  liottle  is  also  pmtrctetl  in  a  situtlar  manner  an«l  *■«  %t-t» 
with  a  dark  cloth  t«»  kfcp  «>ut  the  lit^ht 

When  llu-  .ipparattis  i^  not  in  u**i'  the  *»pnni:  \  lip  .    •%  .t^^r* 
the  cMH-k  ot  the  h\(lroy;vii  genrrat«»r  lirtng  «>|»en    whuh  krrr**   i 
constant  outward  pren^urr  «»t  h\4ln>grn  in  the  a|>fijra:a«   err- r 
uall\    rxchiding   tlir  air       This    nn-rxMtate^    H»inl%    rnhnh    4-r 
ludro^jfii  ti);ht.  aii<l  1!  niblicr  stoppers  arc  um^I  thr^puici^xit  *-»: 
\%ire<I  doxMi  as  \\\  Vx^    2.  no  diffiiultx  will  lir  exjierirTvxs'. 

41  rt-pri'MMits  a  bras^  platr  nhuh  :s  ;-*»▼•, 
ovvr  thf  t«tp  ot  the  i^*rk  atui  m'.rrxl  ii^^^*:     « 
pasNiii^   .irotind   thr  nn  k  o!  the  *•<•.> 
win-tl  i|o\\!i  allt-f  thr  mannrr  *»•   ^m-^^^^    » 
t.inntii;   irtrTxrsifiit    «irink%    thr    'fr^^  -v 
thv  win*  1  .lUM-s    thr   rn!»licr   \**   s^.fr a  ■    i*    • 
.i!i«l  .1  Irak  cfi^iu*^ 
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If  a  funnel  cannot  be  procured  which  delivers  exactly  200  cc, 
one  slightly  larger  may  be  used,  and  made  to  deliver  exactly  that 
amount  by  dropping  in  an  Erdmann's  float,  or  bits  of  glass  tubing 
until  the  requisite  amount  of  water  has  been  displaced  by  these 
articles. 

The  Woulff  bottle  and  hydrogen  generator  may  be  conveniently 
placed  on  a  shelf  attached  to  the  wall  of  the  laborator>',  a  higher 
shelf  being  provided,  upon  which  are  the  indigo  and  hyposulfite 
stock  bottles  connected  by  siphons  with  the  burettes. 

Preparation  of  Indigo  Solution, — Dissolve  eight  grams  sublimed 
indigotin,  which  has  been  treated  with  ninety  per  cent,  alcohol 
until  free  fron>indigo-rubin,  shown  by  giving  little  or  no  color 
to  the  alcohol,  (the  indigo-rubin  masks  the  end  point),  in  120 
grams  strong  sulfuric  acid.  The  sulfindigotic  acid  is  salted  out, 
brought  upon  a  filter,  and  washed  with  a  little  salt  solution.  It 
is  now^  dissolved  in  two  liters  of  water,  made  faintly  alkaline 
with  sodium  carbonate  or  hydrate,  and  filtered. 

Hyposulfite  Solution, — Dissolve  ten  grams  of  the  commercial 
*  *  bisulfite  of  soda  "  in  a  liter  of  water,  saturate  with  sulfurous 
acid,  and  treat  in  the  usual  way  with  zinc. 

The  hydrogen  is  best  prepared  from  zinc  and  sulfuric  acid,  and 
should  be  passed  through  a  strong  solution  of  hyposulfite,  strong 
sulfuric  acid,  and  over  stick  potash.  The  exit  tube  should  be  pro- 
vided with  a  valve  to  prevent  water  being  forced  into  the  potash. 

The  writer  is  well  aware  that  almost  the  same  modification  of 
this  method  was  published  by  Roscoe  and  Lunt  in  the  Journal 
of  the  Londo7i  Chemical  Society,  August,  1889,  but  would  say  that 
the  manuscript  from  which  this  article  is  printed,  was  in  its  pres- 
ent form,  ready  for  publication  in  June,  1888,  a  full  year  before 
the  appearance  of  the  article  to  which  reference  is  made.  The 
statement  made  with  reference  to  the  "lagging  behind"  of 
oxygen  was  deemed,  however,  insufficiently  substantiated,  and 
owing  to  absence  abroad  the  necessary  experiments  could  not  be 
made  until  recently. 


rPON  THK  DIFFICrLTY   WITH  WHICH   WATKR 
PARTS  WITH   ITS  DISSOLVKD  OXVr.KN 

ll>    At  ••«!(  «  II    «*lt  I      I'H  l» 

In    the    prcciMliiij^    article,  attcntinti    ban   liccn  callol  to   thr 
"laj;K'"K  ^*<^'^^">*J  '   of  oxyjjen.  or  the  dilTtcuItx    \*ita   mh:ch   ^! 
leaves  nearly  saturate<l  dilutions  when   the\    arc    hcatcil    o-n 
sitlerahly  a!K)vc   the  saturaticm  |Miint     thi%  }>afirr  o»n%i*lcr*  the 
suhjerl  more  in  detail. 

As  is  Will  known,  with  a  saturate*!  «««>luti«>n  •»!  a  m'?*!  i 
depression  «»1  the  tem[)erature  cau^^es  its  alnur^t  inii:*c>i:atf  •,  •< 
cipitation.  more  es[H*ciany  if  it  !»e  shaken,  or  |Mrt!%  !r*  •  J  '.  '< 
same  are  in  o»ntacl  with  it;  with  k**'^"*.  ^hc  mt»lr\u!r^  ••^J  »;-.  ■: 
are  so  free  to  move,  one  wcnild  sup|M>«%i»  the  vmic  phcn.  r-<-a 
wtmld  <K'cnr.  exce[>t  with  ^^^^J'trr  ea»«e  and  ruptd'.:\  ji%  i  *<•  i  •: 
says,  "by  rise  in  temiKTature  ]it|tiitlH  are  it»mp*rtt!\  :rr\--!  *-  ^- 
dissolvecl  gases'*  This,  how  evrr.  takes  plaix  \"vr\  *>!..n;\  i*  • 
shown  by  the  tullowiii);  experiments 

Afithihi  of    /*/»»«/i////f-.  -  The  ealibrate«l  l«»tt!i-^  h«»M!?ii:    i*« -.r 
J5«»  ce.   were   filled   from  the  !a!i«»iatoT\    tap  !»\    j   rnS'irr   !u*«r 
pas>ii)^  it)  the  iMittom  of  the  U»tllf    tlu-  w.ilrf   l<::i|:   ;'T\r.  u* 
allowed  to  run  for  Hninr  time  to  i-iinnrr  a  rrprr^^rtitjtixr  *a-r.*.  \- 
In  t.ikin^:  tliis  H;itnpli-.  a  i|U.iiitit\    «►!   uattt    wa-*    i!!- w^^^l  •     • 
siirtuu  lit  to  till  tlu-  Uittli-    dutnt  Hixtrvn  t:rv.«  ^        T\\^   trr'T^rr  i* 
\\a*»  taki-n  b\  pl.u  iiiy:  .i  dilu  .iti*  tbi-rmt»!nt tc:  mi  \\.x   ^.  v.it    .. 
it  u.iH  Ik  iiij;  tillrd        Tlu-  tm*tb.«Nl  t«i1!«>\\td    t"?  ti-c  .ictrrv.'.  ?• 
of  o\\j»rn   uan  tli.it   oi   I.    W    Wiiiklrr  *      Artrf   V  t'.^  .'.ri* 
siune  o!  tlu-  lM»ttlt-N  wiif    Ivtt    Matuhni;    «»jict:    -r;   !>.c    :«r      \   < 
tt'm|H-r.itnii*  oi   wlitih  u.i'*  .♦.'     .itid  Mibt-r^     il^    -t^v     v!*.^ 
tin-  v\  \\kx  b.itb  .I*    ;■ 

•  nil  H    I 

:    ■    1     •  •  *  *  ^  •  *»  •  *-•  t  •  •  •  •  4  • 

•    -  .  *  ;  ^" 

.     *  .  ;  *  4  '* 

•*•.-•  *  4    •  . 

I  •   ;*  "^i     ;  i*  . 

•  I .  •    :       •  «      •. 
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By  heating  then  four  hours  to  30'',  the  water  was  still  super- 
saturated, less  than  four  per  cent,  of  oxygen  being  given  off ;  this 
was  even  less  than  was  given  off  by  heating  seven  hours  to  22°, 
it  requiring  twenty-four  hours  to  bring  it  down  to  the  point  of 
saturation. 

In  Series  II  the  oxygen  seemed  to  leave  the  water  even  more 
slowly,  6^  hours  exposure  at  30°  causing  a  loss  of  but  about  six 
per  cent.,  and  forty-eight  hours  exposure  at  22°  causing  but  2.3 
per  cent.  loss. 


Time  of 
hcatiuj(. 


48  hours 


6.\      •• 


Temp..  'C. 
9 

22 
30 


SKRIKS 

Oxygen, 
cc. 


6.823 
7.016 

(  6.955 
(  6.639 
(  6.832 

6.528 
6.416 


I 


n. 

't  basis 
of  9\ 

84.61 
87.02 
86.26 

82.33 
84.72 

80.76 
79.58 


fi  basis 
of  22°. 


'«  basis 
of  ;o'. 


108.6 
III.8 


124-3 
122. 1 


The  foregoing  experiments  were  performed  with  eighty-five  per 
cent,  aerated  water;  ninety-two  per  cent.,  as  might  be  expected, 
gives  up  the  oxygen  rather  more  slowly  as  the  following  series 
indicates : 

SERIES  III. 


Time  of  heating. 

Temp..  •  C.      Oxygen,  cc. 

^  basis  of  5.9*. 

<  basis  of  22 

S.9            . 

8.031 

8.071 

92.33 
92.80 

24  hours 

22 

7.772 
7-643 

89.32 
87.86 

127.2 
125.0 

48       •• 

22 

7.088 
7.083 

81.47 
81.42 

I16.O 
II3.8 

7l      " 

33 

7-451 
7405 

85.65 
85.22 

The  results  of  this  experiment  confirm  the  obser\'^ations  made 
in  the  winter, — that  the  waters  then  received  being  cold  and 
nearly  .saturated,  hold  on  to  the  oxygen  very  tenaciously. 

To  ascertain  if  the  shape  of  the  vessel  exercised  any  influence 
upon  the  rapidity  wnth  which  the  oxygen  was  given  off,  experi- 


6o8 


DISSOLVED    OXYGEN    IX    WATER. 


nients  were  made,  using  bottles  with  necks  one  atul  one  kal! 
inches  in  diameter  instead  of  half  an  inch.  The  mater  «&% 
exposetl  for  twenty -four  hours  at  22  . 


rrrci-ntaK«  «•! 

lU 

iitllr*  with 

Ih4t!r«  «it% 

arrnttoii 

»♦ 

iiu  h  n  »  V 

«  in«.  h  •««  Ik 

s<).  30 

♦**;fM 

K^  -., 

H41  Mi 

^;^S 

V,  .• 

«»2  n 

:*>  \: 

%•  W* 

02. So 

These  sliow.  as  was  ex^K-cted.  that  the  greater  the  %uriftcr  :hic 
more  rapidly  the  oxygen  leaves  the  lii(uid.  making  a  dsScrr^r 
of  atxnit  five  j)er  cent. 

The  results  given  in  these  experiments  do  mA  indicate  yar 
ticularly  closely  agreeing  determinations,  by  »>  mran^  m^x^  ^ 
the  limit  of  accuracy  of  the  method.     Thi%  i'*  due  tt»  tbr  1^1 
that  it  is  well-nigh  imiK>ssible.  even  alter  the   water   ha^  ^fcx-: 
allowed  to  run  frcmi  ten  to  fifteen  minute*^,  to  dram   o»n«c\"«s:-*<T 
samples  of  water  that  are  of  the  >ame  o>m|x>*ition       Mr    I-    > 
Mollis,   one  o(  the  water  analysts  cif    the  cit\    t»t    li«<<%<n     >-k» 
ol>serve<l  this  same  fact,  and  cttllccf*  the  >anip!c^  b\    jlU-m-r^ 
the  water  to  run  through  a  J  tut>e  iutt»  each  U»ttlr       In  the  >  . 
lt>\\ing  scries,  the  Ixittles  were  all  tiUetl  tr^im  the  Njuic  lar^r  *»<tur 
tii  water    thf  contents  t»t  winch  had  Uvn  th«»r»»u>:h!\  r:i\r**. 


I  iM-r  •  f 


^4  h«Mir> 


f.    ;-• 


«    •  >  ^ 


'  t*  • 


A    U 


^;      r 


^;  !• 


^  •  >.. 


•  t  1 


••  ■  » 


%   ♦ 


Tln*»  n1j«.\\  s  .1  niiu  U  l^tli  r  ai:rvt  pk  lit  «•!  the  fv'^u'.t*  iVu>-»4 
schc*  than  thoM- of   '^fu-^    I     II    .u.d    III     aii«l   *u*»*taitt.Alc^  * '< 
it»iu  lu^ious  thcri*  drawn 

That  Hatff  as  rv^ards  ow^ni  o»ntrnts  d«»r^  un«lcr|^  vSlA•^,4^«^ 
in  the  piji*-*  is  uvll  sIh'WIi  in  ihr  toiU>wing  ^irne^  dun:^  !bc 
night,  thric  had  lucn  \vr%   little  drawn     it  mai»atk.>mrd  U^rms  ^* 
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five  minutes,  and  samples  taken  consecutively  at  five  different 
times. 


Temp.. 

ft  of 

Temp.. 

<tof 

Time. 

•c. 

aeration. 

Time. 

*C. 

aeration 

9.02  A.  M. 

275 

46.73 

9.07       " 

7.5 

80.86 

9.37  A.  M. 

5.5 

82.31 

9.17       " 

6.0 

80.30 

10.07      " 

5.5 

83.80 

Another  experiment  showed,  after  the  water  had  been  running 
fifteen  minutes,  89.4  per  cent,  aeration,  after  running  thirty  min- 
utes 92.5  per  cent.  This  would  indicate  that  the  composition  of 
a  water,  coming  through  any  considerable  distance  of  small  pipe, 
as  regards  oxygen  contents,  is  not  constant  until  "perhaps  200 
liters  have  been  drawn,  or  it  has  been  allowed  to  run  from  a  half 
inch  faucet  for  half  an  hour. 

The  results  of  the  foregoing  experiments  would  indicate : 
(i)  The   necessity  of  knowing  the   initial  temperature  of   a 
water  in  order  to  report  '* percentage  of  saturation." 

(2)  That  9  water  can  be  heated  10°  above  its  saturation  point 
for  twenty-four  hours — in  some  cases  forty-eight  hours — without 
entirely  giving  up  the  excess  of  oxygen ;  this  takes  place  with 
greater  rapidity  from  a  wide  mouthed  vessel. 

(3)  That  it  is  impossible  to  draw  two  consecutive  samples  of 
water  from  the  same  faucet  with  exactly  the  same  oxygen  con- 
tents. This  variation  is  undoubtedly  due  to  changes  of  pressure 
in  the  pipe  system ;  possibly  this  statement  may  be  true  of  other 
constituents.  • 

Massachusetts  Institute  of  Tf-chngi.ot.y, 
Laboratory  of  Sanitary  Chemistry  and  Gas  A.valysis. 

November.  1892. 


ON  THE  DETERMINATION  OF  WATER  AND  OF 
FREE  FATTY  MATTER  IN  SOAP.* 

By  J.  Arthur  Wilson. 

The  usual  method  of  determining  water  in  soap  by  drying  a 
weighed  quantity  of  the  sample,  cut  into  thin  shavings,  at  in- 
creasing temperatures  up  to  110°  C,  does  not  give  the  most 
accurate  results,  and,  besides,  is  frequently  very  tedious.  Watson 
Smith's   modification   has  in   my   hands   not   been   successful, 

•  Chem.  News.  66,  200. 
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especially  with  highly  wateretl  soaps.  The  Irre  latt\  rt:jttcr  % 
also  very  frequently  cx^nsiderahly  in  error  when  tionc  l»\  ibc  •  I.! 
process,  especially  when  extraction  is  continut^i  t«»r  *^tu\  :-  .' 
hours. 

Hy  the  methwls  to  l)e  now  <lescnl>e<l.  the  lime  rrijuircl 
IkUIi  (letenninations  is  materially  shortenetl  an<!  vj^'^m'^'^  akx'h'i 
ohtainetl. 

li'd/rr  /hfrrnihiafiofi. — AlMUit  2.5  ^x\\^  of  the  %irr;:Cf 
weighed  (uit  in  a  thin  rtat'lH>tt<>me<l  |«»rix*lain  di^h  thrrr  tr-A^T'* 
diameter  and  0.5  inch  deep  (such  a«*  are  um.hI  lor  ti»ta!  '•hnS  *- 
milk  analysis),  h  is  jjently  melletl  and  fi\c  r\*  «»•  a*»*«.Cr*r 
alcohol  added,  and  the  dish  wanm<tl  on  the  watrr  luth  til!  «a:> 
is  <lissolvfd  :  whcreu|M)n  aUuit  ten  K"*"*  •*^  ignite*!  %jn«l  t%  itSrW-! 
ami  in(M)qK)rate<l  with  the  dissolveil  M>ap:  the  di^^h  1%  artrrwi'  1% 
place<l  on  the  water  hath  for  one  hmir.  Five  I*!  «»t  j*»^  .*--t.- 
alc^)hol  is  then  jKuired  over  the  sand,  then  the  «livh  :%  pl^-vtl  •- 
the  air  hath  at  lo-*  i<\^  C.  till  om^tant  ueiijht  1^  Jtlarjc*- 
With  ordinary  soaps,  ami  the  use  of  the  impro\rtl  atr  *Ki:h  !>.  % 
will  \h:  in  alM»nt  three  hours;  whilst  hi^hh  watefrt!  ^'^{v^  fi>^u  ••• 
alK>nt  fi\e  or  six  hours. 

/htt fpntNti/hiH    !»/    /'fit     /-at-  The    rrsidue    fnmi    the    «i!r 
detenninati<»n  is  ^tountl  up  in  a  >;l.iss  mortar    and  trati%:erT'    • 
the  So\hlet  tulK*.  and  exhausted  with  re  tli%tdlc«t  |*rtn»Iru*^  r*: '  . 
two  liotirs  luini:  suthi  lent  un<ler  these  ttmtlitiotis       The  >*  %." 
tnU- sh<»uM  h.ive   .1   nuri^irv    s^mI   and   v:t« turn!  ••»!•!!*  jr.   v  *  v 
ioik*» 

!/.'<////. <!.'/.•'/•        It  llu  sjiiipli- omtains  iree  i  atKu  a!Ka':     *-*•. 
s<-en  h\  ilioppin^  .1  liltie  phenol  phtli.iUin  on  4  ^  lean  *ri-'i  r 
the   •sample),    ihe   lesidue    from   the    u.iter   detrfm:r.J!*«»r:       *-   •  < 
Ik-  ns<-d  tor  the  deternniuition  ot  the  tree  lat    on  a«\«*uRt  •  -   !*-r 
s.i|Miintu  .iliMii  ot   the  l.itter  l»\    the   tree  alkah       In   %u^  h   a     a^ 
the  ordm.ii'.    i!uth»»«l  "I   determiniiii:  tlu-  uater  :s  .id'-^^r**.    ^*=:    * 
is  \\^^\   !u*e^''ar\    t'»   proloii^;    ilu-  drxiu^i;    more   •har;   :•  ur    \    i-^ 
Thedr\   ri>itliif  •'»  tlieti  xjnaithj  up  u  ith  ten  ^ranis  .»?  vfvt    :*i-» 
terted  to  the  S«»\hul    .\vA  i  \h.iiisti-d  as  l^rtorr 

The  iiupfovt-fl  prtnt>'»  t.-r    tree   tat   determinatu»r^  j:*^e^  ^  c"^** 
results  •.  IT  the  s.i!m  rr  »^»  » tli.il  tht  pajier  s-^^il  ami  pta^ter  t-^^t- 
df>  HI  mdk  ana!\  s*.^ 


NOTE  ON  THE  DETECTION  OF  BROMIN,    CHLORIN, 
AND  lODIN  IN  THE  SAME  MIXTURE. 

By  F.  p.  Dunnington. 

In  the  article  of  Mr.  Lyman  F.  Kebler  (this  Journal  6,  569) 
upon  this  subject,  he  gives  a  resum^  of  the  methods  employed 
and  alludes  to  the  necessity  of  employing  soluble  haloid  salts  for 
the  most  satisfactory  of  the  processes. 

For  some  years  I  have  with  satisfaction  used  a  method  which 
I  have  recently  put  in  print  in  the  second  edition  of  Professor 
F.  P.  Venable*s  Qtialitative  Analysis,  1892,  page  46.  It  is  as 
follows :  From  a  solution  acidified  with  nitric  acid  precipitate  the 
silver  salts  of  these  acids  with  silver  nitrate  solution ;  having 
filtered  off  and  washed  this  precipitate,  treat  it  in  a  test  glass 
with  a  few  drops  of  very  dilute  sulfuric  acid  and  a  bit  of  zinc ; 
when  the  dark  spongy  mass  of  metallic  silver  is  formed,  pour  off 
the  solution  of  the  zinc  salts  and  examine  it  for  iodid,  bromid, 
and  chlorid  by  the  method  of  Professor  Edward  Hart. 

I'NIVERSITY  OF  VIRGINIA.  DEC.  i8Q2. 


SULFUR   IN   COAL   AND   COKE:    RESULTS   BY 

ESCHKA'S   METHOD   VS.   THOSE   BY 

HUNDESHAGEN'S  METHOD.* 

By  Jas.  O.  Handy. 

Eschka' s  Method  (Pittsburgh  Testing  Laborator>'  practice). 
One  gram  fine  coal,  one  gram  pure  magnesia  (Baker  and 
Adamson's),  and  one-half  gram  C.  P.  sodium  carbonate  (Baker 
and  Adamson's),  are  mixed  thoroughly  and  heated  in  a  100  cc. 
platinum  dish,  over  a  Bunsen  burner.  Begin  with  the  flame 
just  touching  the  dish.  Raise  the  heat  gradually  so  that  in  fifteen 
minutes  the  dish  is  red  hot.  Stir  frequently  with  a  platinum 
wire,  until  the  carbon  has  burned  awav.  Allow  to  cool.  Brush 
the  contents  off  the  dish  into  a  200  cc.  beaker,  add  100  cc.  of 
water,  15  cc.  of  brorain  water,  and  boil  for  five  minutes.  Filter 
and  wash  well  with  hot  water.     Make  the  filtrate  up  to  250  cc, 

♦  Read  before  the  chemical  section  of  the  Knginecrs'  Society  of  Western  Pennsylvania. 
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add  hydrochloric  acid  until  just  acid  and  N)il  <>ft  the  Smer.  —. 
precipitate  with  barium  chlorid  as  usual.    BaS4>,  x  «•  i  x;^*       ^ 
No  sulfur  has  lieen  found  in  Raker  and  Adanii-in'H  maicnc^;!    *• 
so<liuni  carlx>nate  and  no  correction  is  ret|uird! 

This  nietho<!  has  l>een  usetl  by  us.  cxMrntialU    in  the   yr-^    * 
form,  for  the  past  four  years,  and  has  j^ivcn  sattHia(tt«>n 

Hundc$haj^en" s  ,\fcthod ( as  descrilietl  in  this  J« n* it  n  \ i     S*  N«»   • 
p.  385)  is  essentially  as  follows:     One  k^i-  ctmiI  and  tmn  ks-.%   -i 
a  mixture  of  tw<»  parts  pure  niaj^nesia  anil  one  p.irt  purr  ••t-i* 
sium  carlM)nate  are  place<l  in  a  platinum  ili^h  an<l  ni:^c«i       T  -^ 
remainin)^  o|KTati<>iis  are  practically  the  vime  a^*  ilc^-fT*^^l  4*«    ^ 
umler  Hs^^hka's  metlHNl. 

In  cmr  exjHrriments  on  sampler  of  o»al  fn>m  dtfierrnt  ^'^r.v* 
we  obtainetl  the  same    results  bv  the   K^^'hka  mcth^^!  j9«i  \^ 
!Iundesha>;en  methcNl.     We  noticet!  m»  i;reater  rapidtt\  **^  *•«:  _ 
mg  in  the  HnndeshaKeii  than  in  the  KM^hka  pnniT^«% 

I  «)\ll*\Kls4i\    til     |%illK\     %M»    III  \1>I  sM  %«.»  X    r«'*i%%»» 
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A  VOLUMETRIC  METHOD  FOR  THE  DETERMINA- 

TION  OF  LEAD.* 

By  F.  C.  Knight. 

A  technical  method  for  the  volumetric  determination  of  lead, 
requiring  but  an  ordinary  amount  of  manipulation  and  occupy- 
ing a  short  space  of  time,  has  long  been  desired.  A  number  of 
such  methods  have  been  suggested  from  time  to  time  that  prom- 
ised more  or  less  success.  Of  these  there  are  but  two  which 
give  results  that  are  sufl&ciently  accurate  even  for  technical  work, 
a  brief  outline  of  which  will  be  given. 

The  first,  which  is  the  more  practical,  consists  of  neutraliz- 
ing the  nitrate  of  lead  solution  with  ammonia  or  carbonate  of 
ammonia,  then  adding  an  excess  of  acetate  of  sodium,  and  effect- 
ing the  titration  with  a  standardized  solution  of  bichromate  of 
potassium,  the  end  reaction  being  indicated  by  a  red  coloration 
on  bringing  a  drop  of  the  lead  solution  in  contact  with  a  drop  of 
a  neutral  solution  of  nitrate  of  silver.  With  careful  manipula- 
tion this  process  yields  good  results.  The  greatest  objection  to 
be  brought  against  the  method  is  the  uncertainty  of  the  complete 
precipitation  of  the  lead  as  the  chromate  if  special  precautions 
are  not  observed ;  the  length  of  time  involved  in  the  process,  and, 
finally,  the  ease  with  which  the  end  point  of  the  reaction  can  be 
overstepped. 

The  other  method  consists  in  precipitating  the  lead  as  carbon- 
ate from  its  solution,  dissolving  the  precipitate  in  a  measured 
quantity  of  normal  nitric  acid,  to  which  then  a  neutral  solution 
of  sulfate  of  sodium  is  added.  The  sulfate  of  lead  is  precipitated 
and  an  equivalent  amount  of  nitrate  of  sodium  formed.  The 
free  nitric  acid  is  subsequently  determined  with  a  normal  alkali 
solution,  the  lead  percentage  being  calculated  from  the  observed 
difference  between  the  original  amount  of  nitric  acid  used,  and 
that  found  to  be  still  free.  This  plan  requires  the  lead  solution 
to  be  quite  free  from  other  elements,  for  which  special  precau- 
tions are  necessary,  and  the  length  of  time  involved  in  the  opera- 
tions quite  unfits  the  process  for  technical  laboratories. 

*Rcad  before  the  Colorado  Scientific  Societ>'.  Nov.  7,  1893.  Communicated  by  the 
author. 
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There  is  aiiolher  nictluHi  which  lias  Ikcti    latt-Iv    «lt-^  T:*«r«i 
which,  while  not  vohiinclric.  apiH.ar>  l«i  offer  ^Ti-.it  a«*v  iv.t^^r* 
over  the  preceding;  ones.      It  ct*iiM>ts  in  flissi.lvink:  the  %:il!atc  ■  : 
lead  ill  an  aniinonium  chloric!  M>Iution.  and  |»ri-\ipi:.itir.^  \:,%  \ii 
from  the  same  in  the  metallic  lorm  hy  me.uiNot  shett  al«t:.::iur: 
the  lead  finally  iKrinj;  weij;hed.     The  reMilt>  ap^icjr  :••  *^  \xr'^ 
accurate.      The    existing;    prejudice   in   technical    Ultf*rat«irte» 
against  any  method  which  involves  a  Ki^vinictnc  dctrrmttvi::/i:o 
will,  however,  o|K*rate  as  a  har  aKain>t  its  j^cncral  intr»»lu*.-:>  r: 
if  a  melluxl  eciually  as  accurate,  or  >uf{icientl>  mi  for  jill  pur^jB-^c* 
hut  volumetric,  can  \h:  found. 

The  methcHi  al)out  to  In*  clescrilnrtl  \^  ofteretl  in  the  h«^ic  i^.il 
it  will  meet  the  retpiired  c«>mlitions.  It  i**  lia*ict|  on  the  ^  «"r-,i 
tion  of  oxalate  of  lead,  the  decom|M»siti«»n  of  thi«*  sail  l»\  ^u.ru--^' 
acid,  the  detertninati<m  of  the  liherateil  oxalic  .v  t<l  h\  ;trrT:i.in 
ganate  of  |M>tassium  solution,  and  the  caKuI.it:(»n  «»t  the  \  a-1 
IKTcenta^e  from  the  amount  of  oxalic  acu!  w:th  \%huh  -.t  «i* 
originally  combined. 

It  is  nf>t  claimed  that  the  ulea  on  which  thi^  M-hcmr  :*  rt'ti-i^:<«: 
is  new  ;  in  fact,  a  method  along  similar  line*  \%a%  pr»  ^•'^•i  ■« 
Hem|>el.  it  U-iiig  al>o  state*!  hv  him  that  the  ri-^ult*  -  *<*  -^-i 
were  not  at)H4>lutel\  areurate  ou  i!i^  t«»  the 'Mi!u!i:!:t\  .-:  th*  \  i*i 
n!  lead,  uhirh  eiT»»r.  h<»\\e\er.  e<»iild  1h  Tedu*fxl  :••  w!. 
hmils  o|  one  jkt  cent    1»\  *  .iietui  manipii!.iti<'t; 

I'^ieM.-niii'^.  in  diMiiHsui;^  tlie  S4»l!iliilii\  «»•  «'\4t»!i-  *:  !*  a  :  - 
water.  hI.iUn  it  to  N-  distnuth  ^rre.itei  than  thut  »»!  ••-  "ir.  ■ 
lead  the  s4»lnlijiU\  l»em^  sti!!  tiuthir  itu!taM^-ti  *•%  thr  j--. '»«-.t 
ot  .iinKKiin.t  .md  amtn«>tiiinn  n.i!!n 

A  Luge   numlK-r  oi  r\jHfii:ient-    !ii«»t:tuted   !••?   th*    ;  v— • -^c     . 
dett  iiinnink:    Imw    the   >«»hi?»ilit\  •»!  ihe  o\.i!ilei'I   It4*L    :r    mi'c' 
oiuM  Ik-  tiMrroMu-     N}|.i\\ed  i\i!!!u.iI!n   that  wht'e  i!  v •::*.:  -•  f     « 
eiiliit  !\    mi'.I'r..  .1    It  tiiiiLl  \n'  TidUivd  t«'  t!s  t!'.!nt:!:«r:i    *•*    «t^-* 
111-,;    tlsi     I'Tt.  •;>  !  .t!«  :;    :t«'!:i  .in     i«jiio»i:n   ^»tu!!«*n  *  !  the    \  i  i    vi  • 
ei»ntaiiung  aUmt  an  et^ual  hulk  «»!   n i net \  five  j»cf   ktv.x    aIk*  «>•  ^ 
onl\  the  slight!  Nt  tTaie^^ot  lead  xematning  in  Muution  unkU-*  «.^  ^ 
.1   «ondit!«*n       l''irtlu-T   exjHTinients  dein«>nstratr^t   thi!   !:<    ;  f r 
»i|»iti!i<»n    \\  .iN  t  .ji:  i!!\    i<iiiip!ete    in  the   pfescmx    «»I     :txx     t  t' s 
at  id   whuh   ha«!   ^Ht  ii  a«!ditl  t«»  thi   al^ttholu  Mtlut:«^n 
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To  a  neutral  solution  of  nitrate  of  lead  measuring  about  twenty 
cc,  an  equal  volume  of  ninety-five  per  cent,  alcohol  and  five  cc. 
strong  acetic  acid  were  added,  and  the  lead  precipitated  by 
oxalic  acid.  The  precipitate  was  filtered,  well  washed  with  hot 
water,  and  the  filtrate  saturated  with  hydrogen  sulfid  gas.  A 
slight  brown  coloration  was  noticed  in  the  course  of  time,  but  a 
precipitate  of  sulfid  of  lead  failed  to  appear  ev^en  after  the  solution 
had  stood  for  several  days. 

This  experiment  w^as  repeated  a  number  of  times  with  the 
same  result,  giving  thus  the  assurance  that  the  error  due  to  the 
excessively  slight  solubility  of  the  oxalate  of  lead,  under  condi- 
tions formulated,  would  not  act  as  a  disqualification  of  a  techni- 
cal method  which  was  based  on  its  use. 

The  oxalate  of  lead  precipitated  from  cold  alcoholic  solutions 
comes  down  as  a  heavy  white  flocculent  precipitate,  which  set- 
tles quickly  on  agitating  the  solution  either  by  stirring  or  shak- 
ing, leaving  the  supernatant  liquid  perfectly  clear.  From  heated 
solutions  the  precipitate  falls  as  a  brilliant  crystalline  powder. 
The  composition  of  the  salt  is,  however,  in  both  cases  the  same, 
its  formula  being  PbC,0,,  containing  70.18  per  cent,  of  lead. 

The  crystalline  precipitate  filters  rapidly  and  is  easily  washed  ; 
the  flocculent  variety  becomes  reduced  in  bulk  and  cr>'stalline  on 
being  washed  with  hot  water.  It  is  advisable  to  precipitate  the 
oxalate  from  the  solution  which  has  been  heated  to  65°  C. 

Pure  lead  having  been  prepared  by  reduction  from  C.  P.  acetate 
of  lead,  freeing  the  regulus  from  mechanical  impurities  and  roll- 
ing it  into  thin  sheet  lead,  varying  quantities  were  weighed  out 
to  determine  the  accuracy  of  the  method  under  consideration. 

The  standard  of  the  permanganate  of  potassium  solution  contain- 
ing 1.58  grams  of  KMnO,  to  the  liter  w^as  established  as  follows  : 
3.65  grams  C.  P.  crystallized  oxalic  acid  were  dissolved  in  500 
cc.  distilled  water,  from  which  three  separate  portions  of  twenty- 
five  cc.  each  were  taken,  five  cc.  concentrated  sulfuric  acid  added, 
and  the  titration  performed  with  the  previously  prepared  per- 
manganate solution.     There  were  used  in  : 

Experiment.  Oxalic  acid,  cc.  Crj-st.  oxalic  acid.  gm.  KMn04,  cc. 

1  25  0.1825  58.30 

2  25  0.1825  58.35 

3  25  0.1825  58.40 
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Making  an  average  of  5H.35CC.  of  [lemianganatc  •->luti«*n  xi^^l 
or  one  cc.  KMnO.  solution -r-o.< 0^127  K*^"*  ^\H,t >..;II,«» 
from  which  by  the  simple  stoichonietrical  ralculati^»n  finr  i-\- 
KMnO,  solution  —  o.tifisi^  gram  Icail.  in  the  Ic.rm  of  o^alitr 

The  standard  lacing  cstahlishetl.  a  [MirtiiUi  of  lca«l  wa'<»  «r:«:hc«! 
out  and  dissolved  in  three  cc.  concentratetl  nitric  acid,  diluted 
with  ten  cc.  hot  water  and  carbonate  of  indium  in  iJiKht  c&crw 
added.  The  precipitate  was  diAamlved  by  the  addtticMi  01  fi\e  or 
strong  acetic  acid,  twenty  cc.  of  ninety -five  i^cr  cent  alcob«kl  Nc^a^ 
then  added  to  the  solution.  This  was  heated  to  f«s'  C  and  iht 
lead  precipitated  by  adding  ten  cc.  of  a  TUituratnl  «4at)««  oi 
oxalic  acid,  the  precipitate,  after  settling,  licmg  filtrnrU  lad 
thoroughly  washetl  with  hot  water.  The  lead  oxalate  «x^  rn^'w 
rinsed  fnnn  the  filter  into  a  lieaker.  fiftv  cc.  hot  mater  aad  t%e 
cc.  concentratetl  sulfuric  acid  addetl.  The  <«oluti««a  «a^  «areric4 
to  a!K>ut  (^s^  C.  and  the  titration  on  the  tree«l  <»xalic  atid  edrvto! 
Ten  detenninations  were  made,  the  results  licing 
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In  ortU-r  t«>  establish  o»mpariM»ns  t»n  a  lasis  mhuh  m\^V:  v 
ol  ^riMtiT  v;ilne.  in  th.it  the  tli*trrmination«  wouUHic  cia^W  -z-:*'^" 
conditions  nci vss.it\  in  the  larrvnig  out  o|  the  nM*th««!  ««  -rx^ 
and  nut.ilhirKi*  a!  |»r«'*lurts  an(»thir  s*Tie'»  oj  cxf^cnsacti!*  « i,« 
insiituliil.  tlu*  lra<l  taken  for  theanahsis  licini;  t«r\Hii;ht  ttt^-  *.Sc 
Mdution.  and  rinotn rrti*tl  into  metallic  lead.  tr««tn  rnhnh  ;«.:r!  a 
the  priH'fssuas  ;i%  alMivt*  dcMfiN-tl 

The  prtt  ipitati*  o|  nuiallu"  lead  ln»m  h\drtx'hS4»rK-  *cvi  «.  i 
tions  ysas  tftund  to  \nr  casil\    as  wril  a%  com|4rtel\    rtfcvtrc  ^-v 
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means  of  pure  granulated  zinc,  the  article  used  having  been  made 
by  Merk,  the  granules  being  of  a  diameter  small  enough  to  allow 
them  to  pass  through  a  screen  containing  thirty  meshes  to  the 
linear  inch.     Investigation  proved  it  to  be  free  from  lead. 

Dilute  hydrochloric  acid  has  no  action  whatever  on  metallic 
lead,  and  even  boiling  concentrated  hydrochloric  acid  scarcely 
attacks  it.  From  dilute  solutions  of  pure  sulfate  of  lead  in  hydro- 
chloric acid  granulated  zinc  precipitates  the  lead  quickly  as  a 
sponge,  which  is  easily  washed. 

The  lead  taken  for  the  following  experiments  was  dissolved  in 
five  cc.  concentrated  nitric  acid,  ten  cc.  concentrated  sulfuric 
acid  added,  and  evaporated  until  the  sulfuric  acid  fumes  appeared. 
To  the  mass,  when  cool,  water  was  added  and  the  sulfate  of  lead 
filtered  off,  washed  first  with  hot  water  acidified  with  sulfuric 
acid,  and  finally  with  hot  water  alone.  The  sulfate  of  lead  was 
then  rinsed  off  the  filter  into  a  beaker,  three  cc.  concentrated 
hydrochloric  acid  added,  and  enough  water  to  bring  the  bulk  to 
about  100  cc.  The  solution  was  boiled  until  the  whole  of  the 
sulfate  of  lead  was  dissolved  and  two  grams  of  pure  granulated 
zinc  added.  After  an  action  of  five  minutes,  an  additional  0.50 
gram  of  zinc  was  introduced  and  the  solution  again  brought  to 
the  boiling  point  when  ten  cc.  more  of  concentrated  hydrochloric 
acid  were  added.  In  a  few  minutes  all  of  the  zinc  had  dissolved. 
The  solution  was  decanted  from  the  lead  sponge,  the  latter 
washed,  re-dissolved  in  nitric  acid  and  the  precipitation  as  oxalate 
made  as  before  described.     The  results  were : 


Weight  of 

KMnOf  used. 

Weight  of 

Per  cent 

Kxp.  No. 

lead  taken,  fi^m. 

cc. 

lead  found. 

obtained 

14 

0.22150 

42.9 

0.22007 

99.76 

«5 

O.21134 

40.9 

0.20981 

99.32 

16 

0.20756 

40.2 

0.20632 

99.39 

17 

0.16683 

32.5 

0.16672 

99.94 

The  average  percentage  obtained  being  99.60. 

It  has  been  mentioned  that  when  pure  sulfate  of  lead  in  hydro- 
chloric acid  solutions  is  precipitated  with  granulated  zinc  it 
comes  down  in  a  coherent,  spongy  mass.  This  is,  however,  not 
the  case  when  certain  impurities  are  associated  with  the  pre- 
cipitate, notably  bismuth,  a  not  uncommon  constituent  of  our 
Western  ores. 


6l8  DKTKRMIXATION   OF   LEAD   VOLrMRT«ICALLV. 

When  the  sulfate  of  lead  is  impure,  the  precipitatrtl  Ira«!  c? 
down  in  separate  pieces  which  are  with  difficuhv  made  t«>  i^  hrr 
or  the  complete  precipitation  may  even  \n:  prcventctl  Thr  ^'Tt^ 
ence  of  bismuth  especially  is  likely  to  prove  vexatiou-^  an«l  \:f*tr 
correct  results  if  pro|KT  precautions  for  its  total  eliminjitH'ti  ma 
the  sulfate  of  lead  are  not  taken.  The  <iejM»nment  ot  bt%xr:cth 
in  solutions  is  so  interesting;  that  a  mention  of  it>  bchjw^  «hmr 
it  exists  as  sulfate,  may  \ic  of  interest. 

L.  Laurent  ol>ser\-es  that  there  exist  two  sulfate^  <»l  l*t*rnt:th 
the  one  soluble  and  the  other  insoluble  in  water       It  ht%muth  V 
dis.solved  in  lioilin^  nitric  acid  and  suHunc    acid  a<!doi  :»•  tliie 
solution,  there  is  at  times  an  abundant  precipitate  |in«ltK^r«i    aa^i 
at  others  none  whatever.     The  precipitate  may  !ir  camU  ^-^B^^r 
in  small  quantities  of  water  and  aj^ain  remain  entireN  tn«>Is^  > 
no  matter  how  lar^e  an  amount  of  water  l»e  U!*n!.    Thc'tc  pbr»  «i 
ena  are  de|K*ndent  Ufwrn  the  relative  amounts  of  free  %ttltur.v  h^-^t 
present  when  the  sulfate  of  bismuth  'i%  formed,  ami  the  trc'wr-i 
ture  of  the  solutiim.      If  sulfuric  acid  lieaddnl  to  a  oU«i  ^vc^^q 
of  nitrate  of  bismuth,  care  l>ein>:  taken  to  prevent  the  mi^tarr  t**  «a 
iKHMmiin^j  hentiHl.  no  priiMpitate  will  lie  produt-e^l       It  an  r%  t^h* 
of  sulfuric  aci<l  should  have  l>een  a<Ulett.  a  sulfate  oj  bt%rr.u:h  «•:' 
Ik*  dejK>?»ittMl   in  rrxstalliiie  neetlles.  which  i^  Muri^N    *«Ci:' V    a 
sulfuric*  ari<l.  but  exlrenielv  s<»  in  water.      If.  h«»%ie\er    a  ^  *u:  ^n 
of  tlii^  s;ilf  Ik-  heateil.  whether  the  ()uantit\  of  ii.iter  l«r  lji*;:r     * 
Miiall.  a  sulfate  nl  bismuth  will  a^ain  Ik*  4* r •!•/*••/. »   |*fT\tp!t  i!o.: 
whirh  in  insoluble  in  either  hot  or  o»ld  water    e\rn  \i  a  r«*r.*:  i<* 
able  quantitx  ot  sulfunr  acid  should  have  Ik^u  adder! 

I  have  f«»uud  that  the  ditficultx  in  rei^ard  t«»  erfrr^inj:  i  .^  ^ 
picte  s4»hitif>n  of  bisiinitli  i!ia\  Ik-  ob\i.iitt!  i!  \n  thr  treatrrc-:!  e 
oTe>  and  uietallurKU  al  pr^Hluct**.  a  larvje  excrx^  ot  %ul!ursc  x,-^J  ♦ 
added  to  the  nitric  acid  stilution.  •»«»  that  when  the  e%ijm-^it>« 
takes  placr  and  the  sulturic  acid  finned  af>fK*ar  the  ma^%«r'!  <•_ 
Ik*  tn  a  tbiid  .md  ii«»t  \\\  a  past\  ottulition  It  the  mtxttsfr  :%  !^«r9 
allow e«l  In  ok»1.  and  c<»ld  water  adtlcnt  f^radualU  ti»  pfmt-«:  bri! 
tn>c.  all  ol  the  bismuth  k^hts  int«>  %olutton  ami  rrmain%  «h^  >  e  a 
sufficient  length  o|  tune  t«»  allow  a  filtrition  ami  ^\jiri»H«  !-*  m 
the  sulfate  <»t   lead  to  lir  eHe\*tetl 

Another   impunt\    not  unlikeh    to  omtamtnale  the  Mi'iAtc     c 
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lead,  if  sufficient  excess  of  sulfuric  acid  is  not  added,  is  antimony. 
Such  antimony  would  also  be  reduced  to  the  metallic  state  in 
conjunction  with  the  lead  by  the  zinc.  However,  in  re-effecting 
the  solution  of  the  lead  by  nitric  acid,  the  antimony  would 
remain  as  the  insoluble  oxid  and  thus  be  eliminated. 

The  following  experiments  demonstrate  that  even  considerable 
quantities  of  bismuth  and  antimony,  when  originally  present,  db 
not  essentially  effect  the  accuracy  of  the  process.  Five  portions 
of  lead  were  weighed  out,  and  to  these,  severally,  100  milligrams 
each  of  metallic  antimony  and  bismuth  were  added  : 


Weight  of 

KMnO,  used. 

Weight  of 

Percentage 

Exp.  No. 

lead  taken,  ttigrnis 

cc. 

lead  found. 

obtained. 

18 

215.44 

41.9 

214.94 

99.76 

19 

232.21 

45.1 

231.36 

99.63 

20 

258.58 

50.1 

257.01 

99.38 

21 

244.50 

47.6 

244.18 

99.86 

22 

250.74 

48.5 

248.80 

99.22 

The  average  percentage  obtained  being  99.57. 

In  ordinary  practice  such  combinations  as  given  in  the  experi- 
ments just  noted  are  hardly  likely  to  be  met  with,  and  the  results 
obtained  are  an  ample  demonstration  of  the  sufficient  accuracy  of 
the  method  for  all  technical  purposes. 

In  the  analysis  of  ores  and  furnace  products  the  following  plan 
of  operation  has  been  found  most  suitable  : 

Place  one  gram  or  0.50  gram,  according  to  richness  of  the 
material,  in  a  four  inch  casserole ;  add  fifteen  cc.  concentrated 
nitric  acid  and  fifteen  cc.  concentrated  sulfuric  acid ;  cover  with 
watch  glass  and  heat  on  a  hot  plate  until  the  decomposition  is 
effected,  and  the  fumes  of  sulfuric  acid  appear.  Remove  and 
cool ;  when  cool,  gradually  add  about  fifty  cc.  of  cold  water,  heat 
to  boiling  and  immediately  filter.  Wash  well  with  boiling  water 
slightly  acidified  with  sulfuric  acid,  and  finally  with  plain  hot 
water.  Now  rinse  the  insoluble  residue  into  a  beaker  of  about 
200 cc.  capacity,  using  not  more  than  fifty  cc.  water;  add  five  cc. 
concentrated  hydrochloric  acid,  cover  with  watch  glass  and  boil 
briskly  for  five  minutes.  The  sulfates  of  lead  and  lime  pass  into 
solution. 

If  much  silica  and  sulfate  of  barium  be  present,  it  is  well  to 
filter  and  wash  well  with   boiling  water.     If  such  filtration  is 


620  DHTKRMINATIOX   OF    I.KAD   VOUMRTMICALtV. 

uiulcrtaken,  it  must  l>e  done  rapidly.  Small  amount^ot  vln  i  :• 
not  interfere,  but  larger  quantities  prevent  the  ^uli^o^*:*-: 
precipitation  of  the  lead  in  one  sjxmjjy  maxs 

Dilute  the  solution  with  water  t*>  al»<>ut  !<■>  ex..  kcepmi:  :t  h  c 
but  not  lK>ilinK.      Now  add  two  grains  ol  >;ranu!atetl  /:m       The 
lead  lK*>jins  immediately  to  l>e  de|K»iteti  a^  a  metAlIic  *f»»ncr 
When  the  action  of  the  acid  on  the  xinc  has  a|>|KirrntI\  i^j^*xi 
add  an  additional  0.50  ^ram.     After  five  minute^  the  ^>Iut>»-»c  :% 
a>^ain  Ixiiled  for  a  few   minutes  and  then  ten  re    o»ni^ntf  Jtol 
hvdnx'hloric  acid  adde<l.     This  dissolves  the  rrm4in«!rT  *'!  the 
zinc  very  (juickly.  and  when  the  reactitm  i*  ctmiplrtctl  the   'ci-5 
sjKinRc  will  l)e  found  floatin>;  on  the  surface  of  the  Itt^uid       iKx  i"=t 
solution,  wash  the  lead  s|Km>je  with  coM  water,  and  prr^*  .!  •  "-• 
flat  with  the  finder.     I>iss4»lve  it  in  one  cx\  omcenlratcri  xi:tTT     1.  >: 
and  twenty  ex.  hot  water.     Add  now  a  slijjhl  exix^*  *•?  t  jr*«  nrt 
of  s<Klium  (the  salt  is  preferable  to  the  '«olutH»n».  and  rrilT^im  .  -t 
the  precipitated  carlM>nate  of  lea<l  by  ad<iin>;  fi\rix    %tn»nj:  a.t*  ■. 
acid:   atld  twenty  cc.  <>f  ninety-five  per  cent    alo»h«*l     hcatvr 
solution  to  '>5    C  ami  precipitate  the  lead  with  a  xaturitcxi  ^ 
tion  of  pure  crystallized  oxalic  acul.     The  lej<l  o»ru-*  .1'  •*    i! 
once  as  a  ileUM*  white  crvNtalline  prvi  ipitate       St!r  *•?:**..*    _•' 
the  precipitate  settles  r.ipidlv.   Iciviuv:   a  |HT!rvtIv    i  Ic4?    *;••  * 
nataiit   li<iui«l       Filter  and    wash  previpitatr  thn-t-  !::!•<-*   ■■  r      1 
hot  mixture  of  alcolml    ;in«l  water    m      m     .i:ni  thct:   Vur   !  -  ••  * 
with  hot   water  alone.      «  In  washin>:  the  pm  ipitatc  j!  •.*  «t 
UM.*  a  fine  jet.  keepinj*   the  stream  on  the  titter  and  t><  a1".*-»  r^ 
it  to  flow  on  the  vi^***^**.  asotherwiM.*  the  pre\!pit.i!r  :%  a:»t  !     •  •rr-: 
ujMMi    the  tunnel,   and  thus  <kii-.tsion   Imn^   i      Whin   tS'?*u^'   •• 
washr«l.   tlu-  pri«  ipitate    is  rinsitl    int«»  .1  tl.i%k   ••?    Vakcf   »  'i 
alM>ut  fitt\  If   hotw.itn    t'lMi*-    i<»nci-titratol  ^ul!ur>   a*%l  1  i-jc*^ 
anil  thr  o\.ilu-  .uul  di-trtmnu-d  b\    jH-rmatiicanitr  «*!   iw'^jt^^.-sTt 
s4>I\ltlotl  l!l  ihf  u^u.il  w.i\ 

The  o!iI\  prir.iuti'»nH  to  Ih-  tili'N<r\rt|  arv  th«>^c  whwh  hmr 
alreadv  l*ifn  nu-ntioned  with  releremx-  t*»  bi«»muth  aiv*  wSfr 
larv»e  amount*^  oi  silu  a  or  snltate  ot  barium  are  prr^cnt 

As  the  ratio  «i|  thv  utomir    wvi>»ht  »»t   lead   to  that  «*!   !Sr  r*  ^^ 
billed  ox.ilir  :iii<!  !•*  \rr\   lit^h.  an\  rrTi»r  iha  umiii:  in  thr  !'fi!  •  ". 
will  be  ma^nitied       it  t^  adM<<tble    therrf«>re.  ti»  u<«c  i^uitr  *i-  :.*r 
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solutions  of  permanganate  of  potassium,  the  strength  of  this  being 
not  greater  than  1.58  grams  KMnO^  to  one  liter,  which  will  give 
a  strength  of  solution,  one  cc.  equals  about  fifty  milligrams  of 
lead. 

The  standard  of  the  solution  in  terms  of  lead  is  obtained  by 
multiplying  the  standard  in  terms  of  crystallized  oxalic  acid  by 
1.6428. 

The  time  involved  in  the  execution  of  the  method  on  a  single 
assay  occupies  from  thirty-five  to  forty  minutes,  and  the  carrying 
out  of  a  number  of  assays  simultaneously  is  easily  feasible. 

The  following  results  indicate  what  concordance  can  be 
obtained  by  the  method : 

Exp.  No.  Per  cent. 

23  Broken  Hill  ore 27.61 — 27.50 

24  Silver  precipitate  of  leaching  process 28.86 — 28.75 

25  Oxidized  ore 2.56 —  2.66 

26  Galena  associated  with  pyrite  and  chalcopyrite  •  22.25 — 21.95 

27  Galena  ore  (gravimetric,  66.75  P^r  cent,  lead)- . .  66.58 — 66.66 

28  Oxidized  ore 41 .04 — 41 .29 


THE    ANALYSIS   OF   A   SCALE   FORMED    IN    THE 

PROCESS  OF  MANUFACTURING  BICARBONATE 

OF  SODA  BY  THE  AMMONIA-SODA  PROCESS. 

By  J.  D.  Pbnnock,  Solvay  Procrss  Compaxy,  Syracuse,  N.  Y. 

In  1886  I  sent  a  sample  of  the  scale  which  we  have  to  contend 
with  in  the  ammonia-soda  manufacture  to  Professor  Cooke  of 
Harvard  College.  This  scale  was  formed  on  the  inside  of  a  pipe 
conveying  an  ammoniated  and  partially  carbonated  brine.  The 
scale  varies  in  thickness  from  one-half  to  two  inches.  This  par- 
ticular piece  of  scale  was  given  to  one  of  the  Professor's  pupils, 
Mr.  Geo.  W.  Leighton,  who  made  an  examination  of  it. 

The  results,  which  correspond  closely  to  my  own,  may  be 
found  in  the  Proceedings  of  the  American  Academy  of  Arts  and 
Sciences,  1886,  159.  He  says:  "The  scale  is  semi-transparent 
with  a  vitreous  luster  and  of  greenish  gray  color,  although  some- 
times black  on  the  surface;  usually  covered  with  crystalline 
planes,  which  have  at  first  sight  the  appearance  of  octahedral 
forms  projecting  from  the  surface,  but  on  closer  examination 
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were  found  to  be  the  terminations  of  prism-i  cxtrn<!in^  *i-*i 
into  the  bo<ly  of  the  scale.**     The  result  of  his  analvM^  » i* 
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Taking  now  the  means  of  these  determinations  ami  a%i«ui&;s< 
that  the  chlorin  is  ct>mhine<l  with  «wHlium.  while  the  rar'aa 
dioxid  is  distrilmted  amonK  the  rent  of  the  liaw  wc  ol4a:n  i«  t^« 
final  avera^^e  result  of  the  analvMs : 

NaCl   w  t«^  11  X ; 

NiiA*<  >, 4<*  M  •>    »* 

MkCO. ;i  ^f.  ;.    ,.• 

CaC<» \  \\ 

\\Xi\. .•  lA 

II. I »         o  ^^ 

C<  ».  in  rX'THs  » f^4 

It  will  l>e  sifii   that  this  m':i1c  vitv  t'l«»^*l\  :i|»|»n»\:nij!f-»   1  v*  • 
ri'pri'HiMititl  h\  the  (ormuhi  M>:CO,.Na,CO..N.iC; 

1   h;ivi*  nvcntlv  cx.iniiniil  another   vaU*  takm  !?*'rj  jr.  f    r- 
apparatus  throu>;h  which  thi*  sauir  ainmo;iMiri!  a?i«!  \x^'*  -  :!:<: 
brinr  was  paHNiii^.  hut  at  a  vmirwhat  lout-r  lcKij«crjtii:r       T^   » 
M*alf  In  noi  s4>  ill  Ilk  as  iht*  oihi-r    is  uhitt*   ind  M*mi  trjn<^i-r-" 
an<l  ihf  rr\si.iN.  thouvjh  dctiiulrlv  !i»ritutl.   atr  niK-r**^"*;  I: 

is  t-ntirrh .  or  lu-.irh .  Irt-t-  !ri»in  vill  thus  <lirif:r:ni:  'r  -  !  k- 
prcviimsly  nicntiotivtl  Hi*aU*.  atitl  v\idrntl\  is  the  unii«r.  .4  .tic 
molecule  of  Na.CO,  with  one  «»f  MrCO,.  The  'tcalr  t%  :^tt 
quarters  of  an  inch  thick,  was  lour  m<»nths  f«»rniin|e  and  1%  tH*«  '^t 
out  from  a  solution  whiih  ci>iit.iins  oiil\  ji  sh|;ht  firffcYn;^^  c 
maKne^iuni  inipurit\ 


i<  i( 
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The  original  brine  is  of  the  following  composition : 

CaSO^  4.54  grams  per  liter. 

CaCla  2.14 

MgCl,  0.586 

NaCl  290.CX) 

Of  course,  the  action  of  the  ammonia  and  carbonic  acid  is  that 
of  purifying  the  brine  from  lime  and  magnesia,  and  as  a  result 
the  ammoniated  brine  passing  through  the  apparatus  (in  volume 
about  500  cubic  meters  per  twenty-four  hours)  where  the  scale 
is  formed  contains  the  following  percentage  of  MgCl,,  obtained 
from  analyses  of  the  liquor  on  different  days : 

I  2345  6 

MgCl,,  grams  per  liter,      0.076      0.123      0.046     0.054     0.092      0.068 

The  following  are  the  results  of  analyses  of  two  samples  taken 
from  different  parts  of  a  large  piece  of  the  scale.  If  the  liquor 
is  not  well  settled,  a  little  CaCO,  goes  along  with  the  liquor  in 
suspension  and  is  held  by  the  double  salt  in  crystallization. 

Per  Cent. 
No.  I,  dry.  No.  2. 

Silica   o.io  0.17 

FeaOjj,  AljOs o- '  i  ^-^7 

CaO 1.54  1.20 

MgO  1904  18.74 

NajO 34.22  33.29 

CO2  * 4530  45-20 

CI 0.24  o.  14 

Loss  at  100^ 1. 12 

The  combination  of  the  above  is  probably  thus : 

No.  I.  No.  2. 

Silica   0.10  0.17 

FeCO., 0.15  0.10 

CaCO., 2.75  *          2.14 

MgCO., 39.98  39.35 

NajCOa 58.50  57.21 

NaCl 0.40  0.32 

Loss  at  100- C. • 1. 12 

The  composition  of  this  scale  approximates  sufficiently  close 
to  that  of  the  crystalline  substance  containing  one  molecule  of 
Na,CO,  and  one  molecule  of  MgCO,  to  say  that  it  is  the  double 
sah,  Na^CO^MgCO,. 


624  ANALYSIS  OP  AMMONIA-SODA  SCALff. 

The  other  constituent!  are  the  suApendetl  impantic^  in  !Hc 
liquor  from  which  the  scale  is  fomiett. 

This  scale,  which  is  a  salt  (orme«!  hy  one  molecule  o<  Na.v.'" ». 
ami  one  molecule  of  M^CO..  is  formed  fnmi  the  *<ime  Ii*iu«*r  thi; 
throws  out  the  other  scale  conMstin>:  i»f  one  ni«>lrculc  ea*  ■--  •< 
Na.CO,.  Mk^O,  ami  NaCl.  though  the  temfierature  in  thr  ir>t 
case  is  somewhat  lower. 

Hydrochloric  acid  was  added  to  two  f^rams  oi  the  ^nW  tn^a 
which  analysis  No.  2  was  made.     The«»lution  o|  t?ic  th!»fr.S 

m 

was  eva|M)rate<l  to  dr\'ness  and  heate<l  in  a  h«K  air  tuth  at  : !      v.* 
to  omstant  weight. 

This  weight  corrc-i|>onds  closely  ti»  the  theoretical  «xiich!  ci: 
culatcd  frf>m  the  ])erix*nta);es  of  the  constituents  acn«dittc  t'<» 

analysis  No.  2. 

Silim  '^<«»U 

Kr.Cl* 0  uuj.% 

C'uCl.  «^^h:5 

Mk<». o  V^P 

NaCI I  J*»»» 

Tolal    1  *rnr 

\\Vi|;ht  <*(  chl«»ritU 'Iriol i  11)l' 

At*cordin>;  toH'«i//j*  Putiiynary,  1,  7SS.  the  douhlc  xilt  Mcv^«» 
Na,C<>.  is  ohtaiiied  in  anhydrous  niii-n»M^»|Ui-  cr\^jl%  *-%  «!  ^-t-*: 
iiiv:  ina^jiicNia  allwi  f«»r  twelve  or  fitteeii  hoiir^at  N»t»r  7*-   C*    »  'i 
diacid  rar)>onate  f>f  sodium 

"  ThecarlMfiiate  f»(  maKiicMa  and  ot  mhIj  i%ra{iidl\  d<v«^c=7« ««r\! 
by  water."  ( iK'vilU-.  ./««.  #A/«i   pk\\    (;;    SS«    v^ »       1  «;■*   -»  c 
fiiifl  this  to  Ik*  the  raM*  with  thr  Htil»Htaiu-e  iiiulrr  om*:^Ir?ir  •  r 
I* our  IoIh  o|  five  ^raiiiH  each  ot  thv  fitu-h  h;ri>und   ^"alr  «t?t  :c: 
in  iH-aki-rn  with  i4«>  rr   ol  dtntillcti  water 

No    I  w.tH  kr|»t  at  .^i*   C    tor  halt  an  hour    No    2  «a«  kc^c  t* 
5(»   C    tor  lialt  an  hour .  Nt».  ;  wa^  kept  at  7^  C   hw  h^Ii  aa  S.^^- 
N«i    4  w.iN  UiiU'tl  tot  h.ilt  an  hour  atltliti);  matrr   t«*  maieti^:.  !Sr 
H;inic  viklunii*       \\,\x\\  w.iN  llii-n  t'lltirrd  and  wa^hnl  «tth  a'a^^  % 
Till'  liltratvH  wtrv  .in.il\/i*«l  U*x  Na  Ct  V  and   Vl|:0*.  »»th  tbr  »  . 
lowing;  rrsult<» 
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Percentage  of  the  scale  soluble  in  loo  cc.  of  water : 

Per  Cent 

No.  I,  at  20    C, 2.82 

"     2.   "  50C., 3.05 

"    3,  •'  75    C.. 3.05 

"    4,  boiling, 3.60 


THE  DETERMINATION  OF  PHOSPHORIC  ACID 

IN  BASIC  SLAGS.* 

By  Dr.  Adolf  F.  Jolles. 

The  views  on  the  solvent  in  the  determination  of  phosphoric 
acid  in  basic  slags  differ  widely  from  each  other.  We  may  par- 
ticularize two  directions,  one  of  which  recommends  the  samples 
to  be  opened  up  with  concentrated  sulfuric  acid  and  the  other 
with  hydrochloric  acid. 

At  a  meeting  of  Austrian  managers  and  officials  of  agricultural 
experimental  stations,  held  at  Vienna  on  August  30,  1890,  Dr. 
von  Lorenz  recommended  the  use  of  Maercker's  process  exactly 
as  it  had  been  proposed  at  Bonn  Congress  of  the  Experimental 
Stations  in  1889.  I  have  had  repeated  opportunity  to  analyze 
basic  slags  both  by  molybdenum  method  and  by  Maercker's 
process,  and  I  always  obtained  differences  in  the  percentage  of 
phosphoric  acid  which  were  proportional  to  the  percentage  of 
lime.  These  differences  are  to  be  referred  to  the  well-known 
fact  that  the  gypsum  liberated  on  opening  up  the  slags  with  con- 
centrated sulfuric  acid  incloses  particles  of  calcium  phosphate 
which  are  thus  withdrawn  from  the  solution.  I  have  found 
similar  losses  of  phosphoric  acid  when  using  hydrochloric  acid. 

Last  year  H.  and  E.  Albert,  of  Biebrich,  on  the  basis  of  num- 
erous experiments,  have  recommended  the  following  method  for 
determining  total  phosphoric  acid  in  basic  slags,  and  have  intro- 
duced it  into  the  laboratory  of  their  works : 

Five  gms.  of  finely-ground  slag  are  moistened  with  a  little 
water  in  a  flask  of  the  capacity  of  500  cc.  and  boiled  upon  the 
sand  bath  with  40  cc.  of  hydrochloric  at  i6°-20°  Bd.  The  mix- 
ture is  boiled  until  there  remain  only  a  few  cc.  of  a  thick  paste  of 
silicic  jelly,  allowed  to  cool,  and  a  little  water  is  added.     It  is 

•  Chem.  News.  Nov.  25,  1892.  from  Ztschr.  anal,  Chem. 
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then  shaken  until  the  thick  clotJi  of  silicic  aciil  arc  \xr\  finetr 
divided,  made  up  to  500  ct\  with  water,  and  filterrtl  The  v  cc 
of  the  filtrate  are  mixetl  with  15  cc.  of  Jmilie's  ?«>luti'>n  i :  *  *•  •» 
jjms.  citric  acid  made  up  to  one  liter  with  ammonia  «*!  %5icx-fci- 
j^ravity  0.9).  and  then  precipitatetl  in  the  onlinar\  manner  m*!h 
magnesia  mixture.  i)^nited.  and  weighetl.  There  i**  »>  ^Lin^jef 
of  obtaining  silica  in  the  magnesia  precipitate.  >tnce  eus^ 
experiments  have  proveil  that  the  condensation  of  the  h%«in*> 
chloric  solution  to  a  thick  jelly  is  sufficient  to  remler  the  ^l;v  s 
ins<)lu))le.  If  a  standard  solution  of  uranium  is  at  hand  i»t  •!*'» 
solve  (if  the  presence  of  silica  is  sus|)ectetl  >  the  moi<  prrttjHt-itr 
on  the  filter  in  a  little  nitric  acid,  and  titrate  in  the  umiaI  manacr 

I  have  had  this  process  and.  as  a  check,  the  molb%«letii» 
method  carrieil  out  in  numerous  analyse^  of  Iiamc  ^air«  so  s^ 
lalKiratory.  with  the  result  that  the  Alliert  methrnl.  UiCh  fi?a^' 
metrically  an<l  volumetricaily.  yieldetl  far  too  high  re^oi!:*  ri 
comparison  with  the  molyUleiium  method.  The  cau^  o(  t^s«-«r 
<lis4Tepancies  can  only  Ih*  scmght  for  in  the  imi^erfet-t  ehiniBLit'«'«j 
of  the  silica. 

I  cannot  in  my  analyses  ctnifirm    the  aho\*e  t|unCrd  <atrom;: 
of  H.  and  \\,  AUiert.  since  I  ha%x  always  Iw^n  able  ti*  m-^v^*-^ 
the  presi-nce  of  silica  in  the  prii'ipitatcN  of  magnesia       1   V-i.r 
then.  diss4>lvid  the  magnesia  precipitate  in  h\tlro*  hj*»rw    *.■* 
eva|»orale<!  it  to  <|r\neNN.  heated  the   rentdue  to   !>»     !r.   :Sr    t  * 
bath,  re  t!isM»lved  in  h\dnH*hloric  acid,  anil  wrighol  the  *:  •-  » 

The  ditfiri-iice**  vanetl  aco»rdnig  tt>  the  time  ot  N»!!:ai     1^ . 
I  (»btaitu*d  rt-MiItN  agni-ing  with  thi»M:«»t  the  m«»l\Ulrtiusa  ?rx^*S% 
onl\  on  lioiling  the  !>asic  «*hi^  meal  in  h\droihI«>nc  aod   c%  *•.• - 
atiiiv;  c<»inpletel\  t«»  tlrxne^s.  and  heating  in  the  air  t*ath  :v  :  .•* 
Thi>  ineth<Ml  ni.i\  ihiiN  W  niodilied  b\  e\a}«>rating    the  ^*.:.  1  •  - 
|KTtei't  drMK-NH    Tet.iuiiiig  the  lurther  onifM:  «■!  the   ani!\%:» 

.\s  t«»r  thr  \«»hiinetTicdeterminati«»n.  1  hj\r  di^J^n%e\!  the  e» '< 
prei  tpitate  «»!  .niunoimiin  tii.igiieNium  ph«»^phatr  m  a  \i\X\r    n  :• 
acid,  iieutrali/itl  it   \Mth    anuiiotna     tliNM»2\Ttl  it  in  a\x^:.    ».*•: 
and  titratetl  \%itti    N«»hition    of  uranium       The  rrMilt%  <^<j:=kc*i 
have,  bv  atvideiit    itnnridetl  with  the  gravimetric  nraih%  »o'»-e-' 
ing  to  AUHft    •*«»  th.it  I  .It  tU^t  U-lie\rtl  that  no  Mhoa  »x%  j^r^c-r*. 
in  the  precipitate  oi  .iitniiotiuii:!   niagiir^ium       In  La^-t    h«««rHT' 


SEPARATION   OF    BARIUM    AND   STRONTIUM.  627 

I  found  in  every  precipitate  ponderable  quantities  of  silica ;  there- 
fore, according  to  the  check  titration  with  uranium  solution  I 
should  have  obtained  less  phosphoric  acid  than  by  weighing, 
which  was  not  the  case.  There  occur  here  also  sources  of  error 
which  act  in  opposite  directions  and  which  may  even  mutually 
compensate  each  other. 

The  most  important  defect  of  this  method  lies  in  the  untrust- 
worthiness  of  the  indicator.  I  have  frequently  observed  that  the 
brown  color  does  not  appear  at  once,  but  not  until  the  lapse  of 
some  minutes. 

I  believe  that  in  the  analysis  of  manures  the  motion  accepted 
at  the  Congress  of  Chemists  at  Hanover  in  1889  ought  to  be  kept 
in  mind,  according  to  which  *  *  the  volumetric  determination  of 
phosphoric  acid  is  regarded  as  no  longer  adequate  to  the  demands 
of  the  age  and  is  declared  untrustworthy." 

For  the  volumetric  determination  of  phosphoric  acid  .in  basic 
slag,  I  venture  to  propose  the  following  modification  of  the 
method  of  H.  and  E.  Albert: 

Five  gms.  of  fine  slag-meal  is  moistened  with  a  little  water  in 
a  capsule,  boiled  with  40  cc.  of  hydrochloric  acid  at  about  20°  Bd., 
and  evaporated  to  perfect  dryness.  The  residue  is  heated  to 
120**  in  the  air  bath,  moistened  with  hydrochloric  acid  when  cold, 
taken  up  in  water,  and  filtered.  The  filtrate  is  made  up  to  500  cc. , 
50  cc.  of  which  are  mixed  with  citrate  solution,  and  the  phos- 
phoric acid  is  precipitated  in  the  ordinary  manner  with  magnesia 
mixture,  when  the  precipitate  is  dried,  ignited,  and  weighed. 

With  this  procedure  I  have  obtained  results  which  agreed 
fairly  with  those  of  the  molybdenum  method.  In  cases  where  the 
analyst  wishes  to  check  himself  or  other  chemists,  and  in  disputed 
cases,    the   molybdenum   method   is   exclusively  admissible. 


A  METHOD  FOR  THE  QUANTITATIVE  SEPARATION 

OF  BARIUM  FROM  STRONTIUM  BY  THE  ACTION 

OF  AMYL  ALCOHOL  ON  THE  BROMIDS.* 

By  Philip  K.  Browning, 

The  existing  methods  upon  which  dependence  can  be  made 
in  the  separation  of  barium  from  strontium  are  few  in  number. 

•AM.  J.  Sci..  44.  459- 
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Dr.  R.  Frescnius  in  discussing  them  through  *<vcral  numlicf^ 
of  his  journal*  concludes  that  the  only  one  which  gni-*  j>crtcxt:\ 
reliable  results  consists  of  the  precipitation  of  the  liariuc;  ^^    i 
double  treatment  with  ammonium  chnmiate  in  aixtic  acu!  «nu 
tion.     Having  demonstrateti  the  |)ossibilit\   of  Mrfarating  U-Ch 
barium    and    stnmtium    from  calcium  by  the  «lch\dratini;  an*l 
appropriate  solvent  action  of  l>oiling  amyl  alo>h<U  on  the  nitratr^* 
the  possibility  of  a  similar  method  of  separation  b>    the  u^  «•< 
suitable  salts  of  barium  and  stnmtium  seemetl  worth>  ol  tn\T*<; 
gation  and  necessary  to  complete  the  series  its  a|>f>licd  t«»  th:% 
group.     In  looking  alKUit  for  suitable  salts  ufM»n  which  t««  r% 
|K'riment  the  Inrhavior  of  the  chlori<ls  was  sugge^tue       Hanua 
chhirid  is  ctmipletely  insoluble  in  amyl  aU^>hol  while  the  Ci« 
res|><mding  strontium  salt  is  somewhat  soluble.     The  |«««al»cl::\ 
of  finding  stnmtium  )>romid  m«>re  rradiU  siilubSe  than  the  o  ? 
res|Mmding  chlorid  seemetl  worthy  of  attention.     The  mctb**!    f 
preparation  followed  was  the  treatment  c*f  the  preciptLatrt!  a:^1 
thoroughly    washed    car)M»nates  of  barium  aii«l  ^nnitmct  m'.\h. 
hyilrobnmiic  arid  prepared!   l>y  mixing  definite  prt'|wft:«  r*  «' 
|M)tasMnm  bromi<l  in  solutions  with  suUuric  acid  and  w  Jtcr  «h-.r 
hoi.  filtering  off  the|Mitassium  sulfate  which  sr|uf  Jte^tio  o**!:^^- 
and  rttiistilling  the  filtrate  untd  the  liiHttllate  it»ntain*  r*    a;v^ 
ciablf  Iraie  <>t  sultiirir  acid.      The  Htan«lard*«  ol  thr  '^•►lutN -* 
liariuni  and  Htroiitiuni  bminids  made  in  Xh\^  ua\  %ierr  ilrtrrr.  ^-jo. 
by  precipitating  «lefinite  jxntions.   ineaHnrrd  and  wrighot     »  :- 
sulfuric  acid,     the  strontium  alter  the  aiit-ptetl  nieth»*l  *»:  a.1  i  -^ 
eth\  I  alddiol  t«»   iiicreaM'  the  inM>lnbiIit\    ami  the  lurvjr..   x'.r- 
the  niaiuuT    Hii^>»fNtrd  b\    l>r    F     \\*     .Mar  i   prr^  tpitat^Sj;   m: ' 
an  ext  iss  of  suliunr  a«!d   in  the  prvM*iu*r  ot   h\dr«xhU*r%    a.-. 
Thf  im-.m  ol  i  Iom*1\  aj^reenij^:  result^  u.is  taken  4*  the  •lATvii*  : 
rnliniiiiaTN  i-xjfnnu-ntHon  thv  bromide  lornir«l  sn  th:*  wi\   ^i  - 
eiu«»ur.i^:niv:  risiilt»».  tht-  barntni  N,ilt  ap|^:anii|i*  to  !ic  aln>^  .•  r- 
plttflN   ms4iluMf  ulnli-  thi-  strontium  vilt  tlix^i'xrxj  !*rc!\        T't 
first  s4'tuh  of  (-\{K-r!niviits  wrre  directeil  tt»ward   a  ^uir!  t^:  .r 
deternittiattoti  o|  ihr  N«ihibilit\  o|  banuin  bn>t:i)d  m  \\.r   x\^  N 

r-  •  • . •!  ifc •  \ -■  ■  •    \    ■  •    »• 
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Definite  portions  of  the  standarized  solution  of  barium  bromid 
were  measured  from  a  burette  into  counterpoised  beakers  of  about 
fifty  cc.  capacity  and  weighed  as  a  check  on  the  burette  reading. 
This  solution  was  then  evaporated  to  dryness,  and  the  residue 
was  dissolved  in  a  few  drops  of  water  and  boiled  with  ten  cc.  of 
amyl  alcohol.  The  separating  bromid  was  filtered  off  on  an 
asbestos  felt  contained  in  a  perforated  platinum  crucible,  the 
whole  having  been  previously  ignited  and  weighed.  The  cru- 
cible containing  the  bromid  was  at  first  dried  at  140°-!  50°  C.  in 
an  air  bath  after  the  manner  described  in  the  previous  papers, 
and  weighed.  The  unsuccessful  attempt  to  get  a  constant  weight, 
however,  proved  the  impossibility  of  weighing  as  bromid,  the 
weight  decreasing  rapidly  with  each  successive  drying.  It  was 
deemed  best,  accordingly,  to  dissolve  the  bromid  from  the  felt  into 
a  beaker  placed  to  receive  it,  and  to  precipitate  with  sulfuric  acid 
in  the  presence  of  hydrochloric  acid,  after  the  same  manner  fol- 
lowed in  the  determinations  of  the  standards.  The  precipitated 
sulfate,  which  in  a  few  minutes  settles  completely,  was  filtered 
off  upon  the  same  felt  from  which  the  bromid  had  been  dissolved, 
dried,  ignited  to  low  redness,  and  weighed.  Series  I  gives  the 
results  of  several  experiments  made  after  this  manner  which 
show  the  solubility  of  the  barium  salt  to  be  about  0.0013  g^s. 
on  the  oxid  in  ten  cc.  of  amyl  alcohol.  The  filtrate  after  boiling 
with  amyl  alcohol  was  evaporated  and  the  residue  was  treated 
with  sulfuric  acid  and  weighed ;  or  the  filtrate  was  precipitated 
directly  by  adding  sulfuric  acid,  enough  ethyl  alcohol  being  added 
to  secure  thorough  mixture.  The  amount  of  sulfate  found  agreed 
uniformly  with  the  loss  determined  in  the  residue  after  boiling. 
A  portion  of  the  salt  which  dissolved  in  the  alcohol  on  being 
examined  before  the  spectroscope  gave  only  the  green  bands 
characteristic  of  barium. 


SERIES  I. 

BaO  taken, 

BaO  found. 

Error. 

gm. 

gm. 

gm. 

I 

0.1234 

0.1222 

0.0012 

2 

0.0824 

0.0809 

0.0015 

3 

0.0823 

0.0809 

0.0014 

4 

0.0818 

0.0803 

0.0015 

5 

0.0733 

0.0720 

0.0013 
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Several  methods  of  treatment  were  followed  to  prr\Tnt  :: 
possible,  this  solubility,  such  as  the  addition  of  a  Irm  .ir^^ 
of  hydrobromic  acid  Inrfore  lioilinj;.  of  the  *amr  jitcr  •.>:c 
barium  bromid  had  separatetl.  of  a  few  <lro|>*  <»f  rthvtrtK-  i: 
bromid  or  ethyl  bromid  at  the  completion  «if  the  l-nluiic  •  *  » 
few  drops  of  bromin  water  before  boiling,  etc.  The  result*  << 
these  experiments  showed  these  modifications  to  br  ot  IrttW  •* 
no  value. 

On  lx)iling  the  strontium  bromid  with  the  alcohol  «lticht  k«<% 
separatetl  occasionally,  which,  on  the  addition  of  a  dmpol  h^  ir'^ 
bromic  acid«  went  into  solution  and  did  not  afifirar  00  rr-UKl:=£ 
In  order  to  determine  the  solul>ilitv  of  the  stmnttom  bftxax!  :3 
the   alcohol  a  saturateil   solution  was  olKained   by  botlmc  ms 
excxrss  of  the  stn>ntium  salt  with  the  alcohol,  the  iialt  in  a  nra^ 
ured  portion  of  ten  cc.  was  precipitated  an  sulfate  by  the  dteViiitx« 
of   ethyl   alcfihol.    and  sulfuric  acid,  and  weighed       I>«|Ck-a:c 
determination  showed  the  solubility  to  lie  alxmt  0.2  fcm    oe  tbr 
ox  id  in  ten  cc.  of  the  alcohol.     The  nnxle  of  pmcnlorr  liie  tbr 
separation   f>f   these   elements   was  identical  with  that  alrr^^v 
des<Til>etl  in  the  case  of  Imrium  alone  up  to  the  pinnt  at  «hv.  h 
the  barium  was  filtered  <iff.  except.  c»f  o>ur*c.  the  a«ld:t>>'C   »t 
first  of  a  nieasuretl  an«l  wei^jhetl  amount  ol  a  prrvi«»u^\    ^Sari: 
an!i/cd  v)]ution  of  strontium  bromid       The  %tr»ntiutn  ma*  :  t 
cipitati'd  from  the  filtratr  as  sulfate  b\  lidute  sullunc  jc%!    ct.*%, 
alo>hol  ln-in^  addtni  to  sch-utc  tliorou^h  mixture      Thr*^  ;<tv-.' 
talcs  wfff  ^i-ncrally  filtcrttl  off  u|w>n  a?*liest«*s  felt*    a!>l   ahb-  -^t  t 
ihcir  >;clalnu>UH  c  hararti-r  dclaxitl  the  filtraln»n  '••tnrmhji:     :  vr 
dr\inv;  and  Inirniiiv:  of  a  fillrr  |U]>er  with  the  |»»hsiS3c  diri^r*     < 
loss  b\   rrdmtiofi  III  till-  prrsfiuf  ot  burning  I^t"*'^  ^**  *^'  *-*'•' 
Srfu-s  II  ^ivrs  the  riHulis  ot  ;i  single    treatment     arvl   ::   m"      *• 
s<i!i  thai  llure  is  appanntU   a  sh>:ht  o»ntaininatton  o!  th*^  -^t''  i"^ 
b\    ihi-  «*lr«nitnn!i   uliuh.    wlirn-   tlie    latter    is  pre-^?:!    —     i'^t 
tjuaiilitus    fi.ilaiufs  ihf  S4»luhr,it\  i»!  the  tunum     ^     •  :;  v--*      ti 
the  oxit!)       Wlu-re  the  atiiounts  «it  strontuim  taken  ire  *r--A".  \:^t 
Krss  ol  barium  tliie  lo  s«»!ubi!ilN  ap|ii*ars 
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SERIES 

II. 

BaO  taken. 

Ba  found. 

Error. 

SrO  taken. 

SrO  found, 

Error. 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

I 

0.1228 

0.1225 

0.0003— 

0.1070 

0.1065 

0.0005— 

2 

0.1227 

O.I  231 

0.0004 -|- 

0. 1074 

0.1069 

0.0005 — 

3 

0.1224 

0.1228 

0.0004-|- 

0.1070 

0.1067 

0.0003 — 

4 

O.1217 

O.I  201 

0.0016 — 

0.0364 

0.0372 

O.OO08-I- 

5 

O.1216 

0.1222 

O.OO06-I- 

0.0133 

O.I 124 

0.0009— 

6 

0.0974 

0.0970 

0.0004 — 

0.0719 

0.0721 

0.0002 -|- 

7 

0.0971 

0.0973 

0.0002 -|- 

0.0730 

0.0727 

0.0003 — 

8 

0.0970 

0.0971 

O.OOOI-|- 

0.0718 

0.0716 

0.0002 — 

9 

0.0411 

0.0390 

0.0021 — 

0.0365 

0.0385 

0.0020-+- 

10 

0.0243 

0.0234 

0.0009 — 

0.1072 

0.1072 

0.0000 

Series  III  gives  the  result  of  a  double  treatment.  In  this 
series  the  contaminating  effect  of  the  strontium  salt  disappears 
almost  entirely,  leaving  a  deficiency  of  about  0.0025  S^-  ^^  ^^^ 
oxid  to  be  added  to  the  barium,  and  a  corresponding  amount  of 
sulfate  (0.0040  gm.)  to  be  subtracted  from  the  strontium  sulfate 
before  calculating  it  to  the  condition  of  the  oxid.  The  manipu- 
lation is  the  same  as  that  outlined  for  the  single  treatment,  as  far 
as  the  completion  of  the  first  boiling.  At  this  point  the  amyl 
alcohol  containing  most  of  the  strontium  in  solution  was  decanted 
upon  a  weighed  and  ignited  felt  and  collected  in  a  beaker  placed 
to  receive  it.  The  residue  of  barium  with  traces  of  strontium 
was  then  dissolved  in  a  few  drops  of  water,  a  drop  of  hydrobromic 
acid  was  added  and  the  boiling  was  repeated  with  another  portion 
of  ten  cc.  of  amyl  alcohol.  Upon  reaching  the  boiling  point  of 
the  alcohol  the  beaker  was  removed,  and  the  barium  salt  was  fil- 
tered upon  the  felt  through  which  the  first  portion  had  been 
decanted,  and  treated  as  before  described. 


SERIES 

III. 

(Corrected). 

(Corrected). 

BaO  taken, 

BaO  found. 

Error. 

SrO  taken, 

,  SrO  found. 

Erior. 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

I 

O.I2I2 

O.1219 

O.OOO7-I- 

0.1068 

O.I071 

0.00034- 

2 

O.1215 

O.I219 

0.0004-I- 

0.0358 

0.0359 

O.OOOI-j- 

3 

0.1220 

O.I  221 

O.OOOI-j- 

0.0353 

0.0347 

0.0006— 

4 

O.I2I2 

0.1220 

O.OO08-I- 

0.0363 

0.0358 

0.0005 — 

5 

O.I219 

O.I22I 

0.0002-I- 

0.0361 

0.0354 

0.0007 — 

6 

O.I2II 

O.1218 

O.OOO7-I- 

O.II26 

0.III6 

o.ooio — 

7 

O.I319 

O.1319 

0.0000 

0.0577 

0.0586 

0.0009-I- 

8 

0.0496 

0.0492 

0.0004 — 

0.0574 

0.0579 

0.0005-1- 

6^2 


S  S   FIRK   DAMP   nRTRCnW. 


Tho  method  is  rapid,  ami  while  the  ctinrttioii  l<>  I*  af^:-*-! 
owin^  to  thv  soliihility  o(  the  Ijariiim  salt  i«  tariir  it  i^  —•  ilriir.  tr 
that  it  cnniiiit  Iwobit-ttidiiahlt-.  Tha.- author  iii<<.nciu»:-'n  »  ■:'■; 
fxprvss  his  iinkliti-ihiess  to  Vrolcwuir  F.  A.  tWnnh  •■(  thr  K»--i 
I^horatory  (or  the  many  helptul  sii^Ki-otioiw  r»-«Ti\'nl  tr>r.;  >.  s. 
txrariti^  iiixni  thi-^  itivc'itiiiatioii. 


MURDAYS  FIRi:  nAMI'  !)KTKCTt>R  * 
The  iiistrtnm-tit  lit-nr  illuMratrd  is  intcmlnl  faw  r<itisu:  -; 
fXlri'iiK-Iy  small  j>«Tfiiita(;t-s  nf  firr-<tam|>  in  thv  ait  ol  i-*«i;  ^.—r* 
ami  is  nnii-h  inon-  s«-iisitivv  than  any  mher  apparatus  ot  the  i  ^! 
ill  thv  market.  It  will  imliratr  the  prvMMKr  ol  Inw  tb^n  :  tv 
[■viit.  of  firv-tlamp  or  ahout  the  onc-huiHlivtlth  part  ot  the  am-«-* 
net-<.'>sarv  tor  an  t-splosioii.  The  principle  oa  whirh  it  ■«<■*• 
however,  is  the  bailie  as  hns  l»crn  ap|ilinl  hriora  fcv  tHt  M=r 
inifiMist-.     There  are  two  plntinum  wire>.  imc  tn  a  w«lnl  *  L»=:  «r 


iit-n--vm  tciiiiHi.itiiii'  When  thvn-  i*  ;«•  !-.;r  .Urtp 
lh<-  K-i^'iooiiK-tii  m-eiile  j«>iiit»  to  /cm  \X  !wn  Kit 
.{.ittip  ...tti<^  u;    ill.-   ;i!.itiiiniti    wire   in  the   >:•»»'«■   •  Ji« 
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This  glowing  causes  a  variation  in  the  current  which  passes 
along  the  wire,  and  this  variation  is  indicated  by  the  galvanometer 


needle.  The  amount  of  glow  depends  directly  on  the  percentage 
of  fire-damp  present,  and  thus  the  deflection  of  the  galvanometer 
needle  indicates  accurately  the  amount  of  gas  present  in  the  air. 
An  alarm  bell  can  be  adjusted  in  such  a  way  that  when  a  certain 
percentage  is  reached,  it  is  automatically  rung.  When  the 
apparatus  is  not  in  use,  the  tension  of  the  springs  in  the  indicating 
mechanism  is  taken  off  by  pressing  a  knob  in  order  that  the  life 
of  the  apparatus  shall  be  prolonged  as  much  as  possible.  It  will 
be  seen  that  the  apparatus  is  automatic  and  the  readings  are 
direct. 


CONCERNING  THE  CONSTANT  TO  BE  USED  IN 
CLERGET'S  INVERSION  PROCESS. 
To  THE  Editor  of  The  Joukn.m,    ok    Anai-ytical    and 
Applied  Chemistry: 

Mr.  Theodor  Breyer,  in  the  September  number  of  your  Journal, 
continues  to  insist  that  the  inversion  tests  reported  by  myself  and 
others  some  years  since  were  conducted  in  accordance  with 
Clerget's  original  method,  notwithstanding  my  statement  to  the 
contrary  in  the  August  issue. 

He   goes  still  further  and  intimates  that  I,  in  my  previous 
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communication,  made  a  deliberate  miHettatement  a<%  to  the  nLanncr 
in  which  those  ex|)enments  were  carrietl  out.  quolinK  in  %Qpf]Birt 
of  his  assertion  fn>ni  that  j>arl  of  the  re|w>rt  mith  relenrncr  ti»  tht% 
subject  which  appeare<l  in  certain  publications  ^mm  artrr  !hr 
issuance  of  the  (>amplilet  previously  referretl  to 

This  |)ortion  of  the  report  to  which  I  allude  wms  prr^taml  >* 
pu)>lication  alou}^  with  the  methods  of  analynis  ol  the  Sqcat 
Chemists'  Association,  the  whole  matter  heinjc  i^noed  in  a  ^n^'^r 
pamphlet. 

On  pa>je  207  of  this  pamphlet  the  process*  of  inx'erMoo  etnp>I*v^  e^l 
<lhe  same  as  that  y^Wtn  by  Tucker)  was  described  m  zhtr^ 
words— "the  solution  is  heated  in  a  water  liath  at  ftjii*-;}^'  C  ii^ 
a  |)eno<lof  fifteen  minutes."  It  was  also  reccnnniended  a«  stated 
in  my  previous  communication,  that  in  'calculating  the  tr^ar 
percent,  of  sucrose  fn>m  the  <lata  thus  olitained  a  r  b%  tbc 
use  of  the  methcMl  >|[iven)  instead  of  Cler);et's  ori|ctnal  cuiK^st 
of  144.  the  rev i sett  figure  of  142.4  should  lie  u^ctl 

In  view  of  the  fact  that  the  methods  cmplo>rtt  b>  tlir  Sa|:»; 
Chemists*  AvstKMation  were  relerret!  to  in  the  fir^  p«ft  »»l  *«• 
re|X)rt  as  l>eiiiK  the  meth<Mts  it  was  de?»iKtiet!  to  test,  it  «a%  ^€ 
presumetl  that  any  <me  would  suj>jw*««e  that  Clerxrt""*  tirigrtL*' 
unnKKlificil  metlxMl  wan  (ollovwtl  111  4II  Uh  drtaiN.  r^|irt  tatN  *-  -:»  t 
ri-UTiMUi*  wa>  nimlc  to  llu-  incth<id  prrvioif^h  «lr^-n^*^l  ^"'-^ 
one  nii*th<Ki  ol  invtTNion  !kmii^»  dcMTilictl  in  tictati  lu  ihr  {^ts;»h>: 

It  was  certainlx  ni»  innrc  ni\  intention  to  o>ti\r%  the  :•!<•*  \:z\ 
ihf  Cler^t'l  original  pnKx*NH  wan  UM.tl  th.in  it  ^a**  thr  intm**-*-  z 
Mr  Hrt-viT  t<»  pr«K!ucf  tht-  iinprr^Nion  i!iat  CJetjjrt  *  i^e^c'"^ 
fornuila  in  iisctl  !»y  all  the*  rhcniisiH  tti  tlu-  sujjar  )n^lu<r^  *t^ 
onr  nii^;ht  <!ra\%  nuch  ouuIuhioii.  it  an  '^tnit  an  intrryiCTta?*.*^ 
\%iTi-  plaird  in*oii  \\\>  words  a**  hr  ha^  plat^nl  u|w>n  certain  t^<a!r^l 
M*iili*iuvs  «»t  iiiN   rf|K»rt 

NiiinUfH    «»i    .lutlioTN    rvtrr    to    \ant»u^    ni«i«titk'atKitr%    *<    ti* 
«»l   thr  ori>;)iial   inxtTxnm   prtxx^s  an       CJrrifrt  '^   \leth«^  t<    Ir 
version       an<l  wX  from  this  designation  ottr  «l««rs  m4  nr\<  wiiir*,* 
inter  that  the  iititiKHlitietl  mrth«»«l  is  alludol  ti> 

It    !•»    tret|iie!itl\     thr    rase.    ti«»    that   Furtifiran  ehcmK^ 
re|»oitiiii;    lennltH     i;i\r        siirritsc*    a4^^»rdtn|(  to  CWrfxrt 
the  Her/trKt  piiKe^s  «»i  (»ther  moditicatum  ha%  Iwm 
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The  official  inversion  method  of  the  French  Sugar  Chemists' 
Association  differs  somewhat  appreciably  from  that  of  Clerget 
and  yet  it  is  designated  **Clerget's  Inversion  Process."  While  it 
might  be  possible  for  one  to  draw  the  inference  that  the  original 
method  of  Clerget  was  employed  in  the  inversion  tests  by  reading 
isolated  excerpts  from  the  pamphlet  alluded  to,  yet  no  one  could 
legitimately  reach  such  a  conclusion  after  a  careful  perusal  of 
they*////  report  as  originally  published. 

However,  in  further  support  of  my  statement,  I  will  quote  from 
the  proceedings  of  a  meeting  of  the  Louisiana  Sugar  Chemists' 
Association,  as  reported  in  The  Louisiana  Planter  and  published 
long  in  advance  of  the  appearance  of  Mr.  Breyer's  letter. 

In  giving  some  results  of  further  experiments  in  inversion  tests, 
I  stated  **that  it  is  intended  to  carry  the  investigations  still 
further,  using  Clerget 's  original  method  of  inversion  in.stead  of 
the  one  now  generally  used." 

At  a  meeting  a  few  weeks  later,  I  stated  (as  reported  in  71ie 
Louisiana  Planter) ,  in  making  a  report  of  some  more  recent  results, 
that  the  *  *  original  experiments  of  the  committee  were  not  made 
specifically  to  test  the  correctness  of  the  original  figures  of 
Clerget,  but  to  determine  what  constant  should  be  employed 
when  the  method  in  general  use  at  that  time  was  followed, 
this  process  being  given  in  the  methods  of  analysis  of  this 
association,  and  being  the  same  as  that  described  by  Tucker." 
I  also  gave  results  corroborating  those  previously  obtained,  and, 
in  addition,  reported  other  experiments  indicating  "the  correct- 
ness of  Clerget's  original  figures,  where  Clerget's  oicn  method  is 
followed  closely." 

Mr.  Breyer  quotes  from  the  methods  of  analysis  of  the  Associa- 
tion of  Official  Agricultural  Chemists  for  1891  in  controversion 
of  my  explanation  as  to  the  omission  of  es.sential  changes  in  the 
conditions  of  the  inversion  process  at  the  time  the  constant  was 
changed,  but  this  is  no  refutation  of  my  statement,  as  this 
omission  would  not  have  occurred,  had  it  not  been  for  the  inad- 
vertence referred  to. 

Mr.  Breyer  also  makes  reference  to  certain  methods  of  sugar 
analysis  adopted  by  the  Association  of  Official  Agricultural 
Chemists  in  1889,  whereas,  as  a  matter  of  fact,  no  methods  of 
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sut^ar  analysis  were  adopted  thai  year.  The  nirlh«id'*  *»j  the 
Louisiana  Sugar  Chemists'  AsscK^iatiim  were  |>u>>li^ctl  jn  thr 
re|)ort  of  iHSt>.  liul  it  was  clearly  >tatetl  by  the  MnrrlarA  that  r.» 
methods  having;  l>een  a<iopte<l  by  the  As*rficiatii»n.  the  ].*>ui«)a*^4 
methods  were  inserted  for  pn>visional  uhi*. 

With  reganl  to  the<testniction  of  invert ^Uf:ar  >»>  h\«lr»*h>f*^ 
acid  at  tem|>eratures  aUive  70'.  to  which  referem-r  Ha«»  n^jdr  '■■ 
Mr.  Hrever.  I  wouhl  sav  that  nianv  authorities  claim  that  j 
decM>m|M)sition  lakes  place  at  even  lower  temfirraturr^  •  **? 
K/Jsihr.  t\  drs  I'm  ins  /.  /xfihrftziutrfiMd.,  Januarv .  iVjjr  rr!c«^ 
to  this  dec<mi|)ositi(»n  cKx'urrinK  even  in  the  Her/lclii  mcth**:  ! 
inversion,  where  a  tein|)eralure  of  70  in  ti«»l  exiXTilrti  aniJ  whrrr 
the  time  of  healing  is  only  five  minute^.  m>  that  it  can  !>  <  «r 
claimed  that  a  tein|KTature  of  less  than  7<»  .  in^urr^  trrol^nn  :?■  -^i 
destruction  of  invert  sugar. 

Hornlrager  [Stfuthit p' \  \t m  /tuht  .   iS*i».  2S«  ^^n  auu*tr^  \ 
the  «langer  of  <leslruclion  «it  invert  Migar  h\   in\'rrMi»n  '•*    V*^-^ 
proi*es>csor<linarilv  emplt»ye<l  ami  retn»niniriidstxin«!tu-tin<  :r.\r- 
sion  in  the  in>Id.  UNitig  oiie-lenth  volume  of  acwi  as  usoa! 

There  is  still  great  lack  ot  unatiitiiit\    among  chem:***    • 
necle<l    with  the    nu^ar  indiistrv.  as  ti»  the  exact  \jIuc  •■?  •    r 
constant  to  In-    cnipit»\cd   in  inversion  irsi*    aiul   al^»  1*  \ 
Ik-sI  nianncr  ot  rxeciition  «»!  ilu*  iii\cf'»i«»n  procrss 

Lac<»inlK'   «/•*/<.'/      /»•,•»     *h:m    dt   Sut     tt!U*t      9,  ;'^     kX't^%   i- 
the   icsult  ot   a  laige    nu!nl»i-i    ot  lf'»t»»  th.it    i   ilitlrfrti!   *^-r*2A    • 
should  I K'  cinpl*>\ed   in  i «»ii!uh  tion  with  tlirtrrrr.t  !rr:jicf*!u     • 
a  fii;ufc  less  ih.m    144  ln-iii'^  iiM-d   wluir  •'1»s«t\  .iti«»r.*   x'k  -    ♦ 
at    lou    li-nnKTatiiTi  s     uhili-    a   lar.;*  i    !iniulK-r   ^'^  ^a^jc^'^r-'. 
te!n|K*iaturt -»  a!»«»\c  .*••    C 

In  con*  liisiMii    I  would  s;i\  that  whili    I  ha\f  ir\-*'r.iR>rtfcir«:  V  : 
us<-  i>t  .1   (oiiHtant   ihttcicnt  tri»ni  that   *\  \^\vx^rX   when  :hT     »- 
ditt«>ns  f»t  the  mxtTHion  pio*iss  its^Ii  were  tn<«iht';i«l     I  hji\T  -<    ••- 
at  .i!n   tinu-    t !  i!!n««l   tl:.it  .1   tnjiiic  ««thf  r  than  144  sh**u'*t  '»  r 
plo\t«l   whcif    v."!i  I'l^rt  *»  ••rij'inal    and    nnni*«!triol    mrtV-%i    •** 
li»il«iw«i|    \lr    MriNrT  •»  a»»M*f  ti«»n«»  t»«t!u' 0'i;!r4f  \    n»»t%»*!h*;  i-*;  r  ^ 

It    \\    k*<s^ 

II « I    ^  kx'     I    :  % 


THE  CONCENTRATION  OF  SULFURIC  ACID 
IN  GLASS  VESSELS.' 
With  the  present  high  price  of  platinum  many  attempts  are 
being  made  in  Europe  to  dispense  with  the  platinum  still  which 
has  been  used  for  several  years  in  concentrating  sulfuric  acid. 
Manufacturers  appear  to  be  going  back  to  glass  concentrators. 
This  week  Industries  describes  a  new  glass  concentrator  which 
is  in  use  at  Levinstein's  chemical  factory  at  Manchester,  England. 
As  will  be  seen  in  the  accompanying  illustration,  ten  glass  vessels 


to  each,  ten  inches  diameter  and  twentj  one  inches  deep,  are 
arranged  on  a  terrace  T  of  Stourbridge  tiles.  The  steps  are 
twenty-four  inches  long  and  twelve  inches  wide,  and  each  step  is 
five  inches  below  the  one  above.  The  glasses  rest  on  beds  of  clean 
sand  in  cast  iron  dishes.  Each  glass  has  a  pouring  spout  which 
discharges  into  a  funnel  leading  to  the  bottom  of  the  glass  below. 
By  this  means  the  acid  circulates  throughout  each  glass  and 
the  concentration  is  thus  made  much  more  rapid  and  efficient. 
The  heating  gases  from  the  funiace  A  pass  along  the  side  flues 
I  and  enter  the  terrace  through  the  apertures  C  C^  C*  C*.  The 
heating  ga.ses  are  prevented  from  approaching  the  surface  of  the 
acid  in  the  glasses  by  the  cast-iron  terrace  E.  After  circulating 
round  the  glasse.s  they  pass  to  the  chimney  through  D.  The 
fumes  of  concentration  pass  up  the  lead  flues  F  to  a  coke  column 
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for  coiutetLsatioii.  In  cas«  a  ^ia^  hrtrak^  the  ^uttcT  S  at  t 
catchtrs  the  spilled  acid.  TIiv  (-nnceiitralt:*!  ai'i<l  thai  cimt 
(mm  tlif  {Mim-lniii  s[Miiit  II  at  the  Uxtoni  is  Itil  Ar4  1<<  . 
M4.Tivs  of  g\as^  (-o<>U-r>>  ami  afterwards  tn  thr  u^ual  Er^i  t 
Tlif  ititLTpositioii  of  tliv  tjlass  ctniU-rv  is  arT4ii>;nl  firi  ju' 
found  tlint  sulliirii-  add  at  a  lii^li  ttMii)H-raliiit.-  Iia>  an  r! 
lead.     The  oiiii>m  i>f  a  plant  of  this  sort  is  thin*   lims 
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-r^r^r^^ 
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o.ooi  gm.  on  theoxid  to  0.0003  E^-  i^^  each  treatment,  and  the 
corresponding  amount  of  sulfate  to  be  subtracted  from  the 
calcium  sulfate  before  calculating  to  the  condition  of  oxid  is 
reduced  from  0.0017  gm.  to  0.0005  g^-  ^^  each  treatment. 

The  necessity  of  a  double  treatment,  or  the  use  of  two  portions 
of  ten  cc.  each  of  the  alcohol,  brings  the  total  correction  to 
0.0006  gm.  on  the  strontium  oxid,  and  o.ooio  on  the  calcium  as 
sulfate.  For  ordinary  work  such  a  correction  may  be  disregarded. 
The  following  tables  give  the  corrected  and  uncorrected  results : 

TABLE  I  (CORRKCTION   DISREGARDKD). 


SrO  Uken, 

SrO  found, 

Error. 

CaO  taken. 

CaO  found. 

Error. 

gm. 

gm. 

firm. 

firm. 

gm. 

gm. 

I 

0.0570 

0.0565 

0.0005— 

0.0534 

0.0540 

O.OO06-I- 

2 

0.0273 

0.0567 

0.0006 — 

0.0534 

0.0543 

0.0009 -|- 

3 

0.0585 

0.0274 

O.OOI  I  — 

0.0272 

0.0276 

0.0004-|- 

4 

0.0568 

0.0560 

0.0008 — 

00535 

0.0537 

0.0002-I- 

5 

0.0568 

0.0561 

0.0007 — 

0.0533 

0.0535 

0.0002-I- 

6 

0.0288 

0.0280 

0.0008— 

0.0271 

0.0272 

o.oooi-h 

7 

0.1420 

O.1416 

0.0004— 

0.0535 

0.0544 

0.0009-I- 

8 

O.1419 

O.1416 

0.0003— 

0.0665 

0.0669 

0.0004 -|- 

9 

O.I  135 

O.I 132 

0.0003— 

0.1066 

0. 1070 

o.ooo4-|- 

10 

O.I 137 

O.I  126 

O.OOI  I  — 

0.1064 

0. 1070 

0.0006-I- 

TABLK  II 

(CORRKCTION  APPIJED). 

(Corrected). 

(Corrected ). 

SrO  taken, 

SrO  found, 

Error. 

CaO  taken. 

CaO  found. 

Krror, 

gm. 

firm. 

Km. 

gm. 

gm. 

gm. 

I 

0.0570 

0.0571 

0.000 1 -|- 

0.0534 

0.0536 

0.0002-I- 

2 

0.0573 

0.0573 

0.0000 

0.0534 

0.0539 

0.0005 -h 

3 

0.0285 

0.0280 

0.0005 — 

0.0272 

0.0272 

0.0000 

4 

0.0568 

0.0566 

0.0002  — 

0.0535 

0.0533 

0.0002 — 

5 

0.0568 

0.0567 

O.OOOI  — 

0.0533 

0.0531 

0.0002 — 

6 

0.0288 

0.0286 

0.0002 — 

0.0271 

0.0268 

0.0003— 

7 

0.1420 

0.1422 

O.Cft02-\' 

0.0535 

0.0540 

0.0005 -h 

8 

O.1419 

0.1422 

0.0003-I- 

0.0665 

0.0665 

0.0000 

9 

O.II35 

O.I  138 

0.0003-I- 

0.1066 

0.1066 

0.0000 

10 

O.I 137 

0.1 132 

0.0005 — 

0.1064 

0.1066 

0.0002 -h 

ATOMIC  WEIGHTS. 

P'niTEI)    BY    F.  W.  Cl.ARKE. 

Boron. — Atomic  weight  re-determined  by  W.  Ramsay  and 
Emily  Aston.  First,  by  dehydration  of  cr\^stallized  borax,  with 
from  five  to  ten  grammes  of  the  salt  in  each  experiment.     The 
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percentages   of    water  found,   and    the 
weights,  were  as  follows : 

rcrcmt  H«0  Aloob 

47- U3.^  «"<>7 

47.1026  ioR% 

47  I9»»  t"*? 

47.1882  1088 

47>*^5  »«»$ 

47  «S»4  «"955 


«nfC 


Mean.  109*1 

Secondly,   by  distillation  of    ankvdrpms  borax   with 
alcohol  and  hydrochloric  acid.     In  this  wav  the  borax  wa« 
verted  into  chloride,  which  was  weighed. 


!hi! 


WriKht  borsv  • 

WHtM  XaCI  • 

4.7^ 

17598 

5  »74o 

.V*»57« 

3a.U4 

f8:r 

4.fi862 

*  c»j 

\.4Q?> 

20J66 

II  01 « 

»"9*5 
in 

to 

If) 


Mran         k^q^i 

!■  the  offtc^nal  iW  ««m*«*  •*«  o 


*  To  thr  nearral  tralh  mllllc 
tu  «rvrn  tIrcimaU 

In  n  sci^uul  Hcrics  of  distillations  the  sndium  ohlon«)r 
wciKhin^.    was    prrci|>itate<l    with    siK-rr    nitratr      Thr 
chlori<lc  was  then  wci^^hctl  on  a  (Mioch  filter,  ami  it^  ra!:* 
oriKitial   Na,H.(>    was  thus  ascrrtained      The  rr^ult^    « 

f«illoWs 


Itf 


r^< 


i« 


UriiC^I 

Wrttfhf 

^lirtnu 

«rvrkl 

%«  •«•» 

N«,H,«» 

Nail 

•  vtfhl 

*«^ 

*  W'^  t 

K   Ulh 

\"7*>« 

l-M»l 

•  12*M 

- 

4  :>*i-» 

2  :?■• 

l«»M^* 

^  -""vi 

• 

4  »^*  '7 

2H«j<i. 

!<•  dlfi 

*  IA4 

■  ■     « 

1  r^it 

2  -^f"' 

l<<  «/iM 

^  ^lyfe' 

:  T        «, 

;  wX^ 

1  *,|S- 

!••  *#42 

4  •s*u 

'        *^ 

Mr«ti 

10  «/i#i 

W 

r«9 

*  < 

The  authors  regard  the  second  NaCl  «me«  as  the  br«<   a: 


ado|)t  the  valui-   10  (/w>  for  lioron      The  calculat 
withO-  ih.  II    -  i.otv*.  Na  -  <j.\  05.  \2\-  \s  45.  and  Ag 
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Gadolinlam. — Determined  by  Bettendorff,  by  conversion  of 
the  oxide  into  sulphate. 

1.0682  gm.  Gd,03  gave  1.7779  Gd,( 804)3 
1.0580    ••        "         •*     1.7611 
1.0796    ••        ••         ••     1.7969 

Hence,  04  =  156.33. 

— Ann.  Chem,,  270,  376. 
Palladium. — Keller  and  Smith,  starting  from  carefully  puri- 
fied palladium,  have  re-determined  its  atomic  weight  by  elec- 
trolysis of  palladammonium  chloride,  Pd(NH,Cl),.     Two  series 
of  experiments  gave  as  follows : 


FIRST  SBRIKS. 

Weight  Pd(NH,Cl)„  gma. 

Weight  Pd,  gm. 

Atomic  weight. 

1.29960 

0.65630 

X06.928 

1.05430 

0.53253 

106.918 

1.92945 

0.97455 

106.915 

Mean, 

X06.920 

SECOND  SERIES. 

Weiirht  Pd(NH,C1)„  ffins. 

Weight  Pd,  gm. 

Atomic  weight. 

1.94722 

0.98343 

106.894 

1.08649 

0.54870 

106.885 

1.28423 

0.64858 

106.890 

1.68275 

0.85010 

106.955 

I.69II3 

0.85431 

106.949 

1.80805 

O.91310 

106.896 

Mean,  106.911 

Both  series  combined,  106.914 

Calculated  with  H  =  i,  N=  14.01,  CI  =  35.37. 

Two  determinations  were  also  made  by  reducing  the  Pd  (  NH.Cl) , 

to  PdS,  by  heating   in  a  stream  of  hydrogen  sulphide.     Results 

as  follows : 

0.71699  gm.  Pd(NH,Cl),  gave  0.47066  PdS;  atomic  weight,  107.07 
1.31688    **  "  *•    0.86445      '•  *•  *•       107.07 

These  experiments  are  regarded  as  having  only  confirmatory 
value. 

Since  the  results  obtained  are  higher  than  those  published  by 
Keiser,  who  reduced  palladammonium  chloride  by  heating  in 
hydrogen,  the  authors  repeated  his  experiments  in  order  to 
ascertain  the  causes  of  discrepancy.  Fourteen  determinations 
were  made ;  showing,  first,  that  the  unpulverized  chloride  decrepi- 
tates, so  that  material  is  lost ;  and,  secondly,  that  there  is  slight 
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volatilization   of  palladium.     Keller  and  Smith  aL<M>   intnalo'T' 
evidence  to  show  that  Reiser's  material  wa?*  iMrt  pure 

—  .Im.  (  krm    /  .    14,  4;; 
Nickel* — The  elal)orate  investigation   by  Kruvk  and  S^hsa>*lt 
upon  the  atcmiic  \vei>(ht  of  nickel,  is  haseil  u(w>n  trai~tu>njl  d:<N 
lation  of  carefully  purified  metal,  as  nickel-tetracartKm\I    to  4 
stream  of  carbon   monoxide.     The  distillate,  in  ten  su^Ax^«%:\r 
fractions,  furnished  the  nickel  used  in  the  actual  detmninatit'c^ 
First,  an  attempt  was  made  at  direct  compari^m  with  h>dr«*icrt: 
by  measuring  the  gas  evolvetl  during  solution  of  the  mrt^I    n 
acid.     The  results,  however,  gave  values  for   Ni  rangmic  !r'  m 
57.7  downward  to  lielow  57.  and  this  line  of  attack  wa^  a^«a= 
doned.     The  common  methcxis  of  con\*erting  Ni  into  Nio    ^t^d 
of  reducing  NiO  to  Ni  by  retluction  in  hydrf>gen.   wrrr  ^slaIS 
adopted.     Thus,  in  fraction  No.  i.€>.x722  gm.  Nil)  ga^r -^  ^♦;' 
Ni,  whence  Ni--5S.8i.     In  the  same  sample,  o  ."^"^T**  N:  ici^r 
0.7471    NiO.  wheiKx*  Ni -- 5S.6^>.     The    last  metghct!    Nit»    tt 
ducetl.  gave  the  original   0.5H70  gm.  Ni  again,   and   k^  '^    t% 
before  for  the  atomic    weight.     Tabulatetl.  the  entire  %cr:r^ 
results  is  as  follows,  apparently  with  O       i'* 
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The  metal  remaining  in  the  tube  after  these  ten  fractions  had 
been  distilled  off,  was  dissolved  in  weak  hydrochloric  acid,  and 
the  solution,  filtered,  was  boiled  with  excess  of  potassium  cyanide. 
The  nickel  was  then  precipitated  in  five  fractions  by  bromine 
water,  and  the  oxide  thrown  down,  after  thorough  boiling  and 
washing,  was  reduced  to  metal.  The  first  and  fifth  of  these 
fractions  gave  the  following  atomic  weight  data : 

Ni. 
First  fraction,  by  oxidation,  60.34 

"  *'  "  reduction,  59-17 

Fifth       *'  *•  oxidation.  64.00 

"  reduction,  62.98 

Hence  the  residual  nickel,  after  the  carbonic  oxide  distillations, 
has  a  distinctly  higher  atomic  weight  than  that  which  had  been 
distilled  off.  For  a  discussion  of  these  results  the  original 
memoir  must  be  consulted. 

— Ztschr.  an  org,  Chem,,  2*  235. 


NICKEL  ANALYSIS.* 

By  Stephen  H.  Kmmrns. 

The  substances  usually  submitted  to  analysis  for  the  detenni- 
nation  of  the  contained  nickel  may  conveniently  be  classified  as 
follows : 

I.  Regulus  and  minerals  containing  arsenic,  viz.,  spiess  and 
arseniferous  ores  of  nickel.  2.  Regulus  and  minerals  containing 
no  (or  but  little)  arsenic,  yiz.,  matte,  nickeliferous  pyrrhotite 
and  non-arseniferous  ores  of  nickel.  3.  Metallic  nickel,  nickel 
steel,  German  silver,  and  other  alloys  of  nickel. 

The  principal  published  methods  of  analysis  of  these  substances 
are  summarized  in  tables  I,  II,  and  III. 

It  may  be  broadly  stated  that  none  of  the  analytical  methods 
there  set  forth  are  satisfactory  if  practiced  in  strict  accordance 
with  the  published  accounts.  The  precipitation  methods  introduce 
a  serious  source  of  error  by  reason  of  the  separated  ferric  hydroxid 
canning  down  a   portion  of  the   associated  nickel  and   cobalt. 

♦  Kng.  and  Miii.  Jour..  Nov.  26.  1892 :  with  au  addendum  by  the  author. 
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The  direct  electrolysis  of  an  acid  solution  containinig  ^^TT^ 
iron,  nickel,  and  col>alt  cannot  lie  relied  upon  to  cflcct  a  ct^ta 
plete  seimration  of  either  the  copper  or  the  nickel  ami  ^^^^alt 
especially    if  a   current   of  comparatively  hi^h  voltaice  *r     ^ 
from  three  Bunsen  cells  in  series)  lie  employe<!.     Ami  %!•«<«« 
volumetric  method  must  obviously  fail  in  the  presence  <4  «^i|5«? 
and  iron. 

In  the  al)scnce.  then,  of  any  generally  rccof(ni/e<l  ami  aKX^<r^ 
system  of  atx^urate  nickel  analysis.  Mr.  Charles  T  Mtmcr 
(Princeton.  91).  the   chemist  of  the  Kmniens  Metal  C«xn|a^.« 

T\I1I.K   I.— SI»KISS    %VI>    ^KH^Nir^HfM  %  f>a»% 

flfirratlnii  llrasr*it  rni|*l«*%r«l 

A.  Watt*-/'!. /•■•««»  1 
I    Fu«km  with  rraKrot  an«t  li«it-iaiMin 
«rttli  «alrr.       ... 

3  |H*«ol«r  ami  Allrr.. 
I    \r4f  ly  nriilralifr ..  • 

4  I'rrt-tpitatr  aiiil  (iltrr 
fit    I     |H*Mil«r.-  ■ 

1    Ktlirr  aii«l  hral. 

\     Nrartv  iirwttatiflr . .  . 

4    rrrt-ipitair  atKl  hiirt 
«     \«  Kttilatr 
r     l*fr«  ittitatr  dn<t  hitrr 
*     thdl    |if r«  t|iitiitr    ami   hllri 
H     Watt*     />•. /I'Mutt     nrw  rtl 
I      Ilt*«itl%r  m*t*\  r\j|<i>vatr 
/     |»i*««i|\r  aii'1  filtv  t 

4     l*tr«  l|»tlatr  Jfiil  hiirr 

1    i  •*»«  «iitt«lr     |i«r«  i|iitatr    ait<l   lilUt 

«it    <    l'\ii|M>talt     ifiavUr     and    Altrr 

I'Tr.  i|tit:ilr  »n»\  hXtrt 
■»  l*tr«  ijiitAtr  tiiithtirr 
t     pTr»  i}Mt«tr   •««!  fi'tr* 

•1       rr't-itr    ^•,«»     V      ^"i". 


K\'«»,  *  \a,t  «*.     «• 

%  •  K  ,i  • » , 

«■ 

Hit  •  ll\«i, 

^•.   •    «« 

.Na,i«»,  «.f     Ml,  ,H», 

i'H,i'«SNa  .M  iH»i«k,M|. 

•  • 

IINii,  •  Ml! 

•-S  •   •- 

Na,n>. 

CU.i«*,x«   •  1  r,*     . 

*•  -  t . 

Il«  ' 

II,"* 

.  • 

^\a,\»' 

X      - 

UNO.  •  lu 

ik: 

**  ».   .     •  • 

NBM%i»,» 

H,% 

«  1  •  .  • 

^.••.M. 

X     • 

M.«' 

\  • 

IU\ik 

•  •    - 

ll,--*. 

t.* 

%«,i*i, 

N 

NICKEL    ANALYSIS. 

— MATTa,  PYRRHOTITK,  AND  NON-AR 


4IFEROIIR  ORES. 


Optra 


K«B^iit  employ ed' 


A.  KreKoluB  {Allm  and  JohtiMm)  ■---  | 

I.  Dijsolvf  and  BUtr       

1.  PredplUte  and  filter 

3.  Pciv^iic,  precipitate,  ind  filler.' 

4.  Diuolvc  the  precipitate 

5.  Predldtate  and  filler 

;.  Alkalioiie  Ihe  combined    filtralo 
from  3.  5.  and  6 

5.  Acidify  ilisbtly.  precipitate  and  fil    ; 

I.  IHudIix and  filler 

».  Free) pilate  and  filter 

3.  Perwridiae  niid  *«'■  10  prccipitati 

5-  Bml,  preeipitale,  and  filter 

6.  Boil  add  resgeoi  until  odor  olNH, 

in  dliitinct.  filter 

;.  DisBolve  the  prectpilale 

5.  Alkallnlie  and  elcctrolyie 

C.  Sutton— Ko/.  AHaL.  «h  ed.,  p.  166, 

t.  DlsHlnand  filler 

a.  Kearly  neoiraliic 

4.  predplute  and  filter 

D.  Moore.— Button's  fel.  Anal.,  p.  114- 

».  Precipitate  and  diitolve 

3.  Acidify  laintty  

4.  Alkali  nbedlntlnetly 

3.  CoDvertllieblUecolorlntoayellow-  j 

iihtini ! 

6.  Chan^  to  violet  hnnrn.....  ■.....-.  ! 

7.  Deploy  color 

K.  S  perry— Peters'  MMtrrm  Copprr  Smrll. 

1.  IMsBOlve  and  evaporate..'  .......... 

I.  Di«K)lTe  and  filter ■ 


>j  +  H^O, 
iO,+  NM, 


INO,;  or.  HNO,  +  HCl 
N«,CO, 
H,0  (cold) 
'iihly  precipitated  BnCO, 

+  NH.Cl 

MNO,  +  HCI 


iidardiicd  »l.  ol  KCN    j 
cipitate  frmn  CuBO,  +    j 

IfeCCN).  din.  In  «l,  of    j 
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TABLK  III.— METALLIC  NICKKL,  NICKKL  STEEL,  GERMAN   SILVER, 

AND  ALLOYS. 


Operation. 


A.  Thorpe — Applied  Chemistty. 

I .  Dissiol ve  and  evaporate 

3.  Dissolve  and  filter 

3.  Precipitate  and  filter 

4.  Precipitate  and  filter 

5.  Precipitate  and  filter 

B.  Clowes  and  Coleman. 

1.  Dissolve  and  evaporate 

2.  Dissolve  and  filter 

3.  Precipitate  and  filter 

4.  Add  reafirent  till  precipitate  begins 

and  dissolve 

5.  Precipitate  and  filter 

6.  Acidify  and  boil 

7.  Precipitate  and  filter 


Reagent  employed. 


HNO,  +  HCl 

HCl 

H,S 

CH,CO,Na  +CnaCO,NH4 

H,S 

HNOj 
H,0 
H,S 

Na,CO,-|-HCl 

CHaCOjNH^-f-HjS 

HCl 

NaOH 


Substance 
separated. 


C-finsol. 

Cu 

Fe  +  Al 

Ni  -f  Co 


SnO, 
Cu 


Zn 

Xi-HCo 


has,  in  conjunction  with  myself,  devised  the  following  methods, 
which  we  find  to  be  sufficiently  trustworthy  for  all  technical  and 
commercial  purposes. 

METHOD  A.— FOR  SUBSTANCES    HIGH  IN    NICKEL  AND   LOW   IN  COPPER 
AND   IRON— ^.  ;^..  METALLIC  NICKEL,  BESSEMERIZED   MATTE, 

NICKEL  OXID,  ETC. 


Operation. 


I 


Reagent. 


Separation. 


I 

1.  Dissolve  (about  2  gms.)  and  evap-  : 

orate I  HNOa-f  HCl.  or  fusion  with 

KHSO^ 

2.  Di.ssolve  and  filter HC1-HH,0 

3.  Precipitate  and  filter H,S 

4.  Dis.solve  the    washed    precipitate 

and  evaporate  till  white  fumes  are 

produced 1  HNO,  +  HjSO^ 

5.  Di.s.solve  and  electrolyzc 1  H,0-|-HN03 

6.  Boil  filtrate  from  3  and  peroxidize. .  .HNO, 

7.  Cool  and  make  solution  up  to  400  cc.  H^O 

8.  Boil  J  of  7,  precipitate  and  filter...  NHj 

9.  Re-dissolve  the  precipitate HCl 

10.  Precipitate  and  filter NH3 

11.  Dissolve    and     reduce     the    well-  . 

washed  precipitate VL^^0^-\-7ax 

12.  Titrate KMn04 

13.  Precipitate  and  filter  ^  (40  cc.)  of  7  NaOH 

14.  Dissolve  the  washed  precipitate...  Dilute  HgSO^ 

15.  Make  alkaline NHj 

16.  Klcctrol vze 


SiO,,  C.elc. 
CuS 


Cu 


Fe 


1 


Ni-hCo 
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METHOD  B. — FOR   SUBSTANCES   HIGH   IX   IRON   AND   LOW   IN    NICKEL — 
e.g.^  PYRRHOTITE  AND  ONCE-RUN   MATTE. 


Operation. 


I.   1 


r  Same  as  iu  Method  A. 


3- 
4- 

5. 
6. 

7.  Precipitate  aud  filter 

8.  Boil  the  washed  pp.  and  re-filter.. 

9.  Precipitate  and  filter 

10.  Add  together  the  filtrates  from  7 ' 

and  9,  evaporate  to  small  bulk,  > 
precipitate  and  filter. . 

11.  Dissolve  the  washed  pp. 

13.  Make  alkaline 

13.  Electrolyxe 


Reaf^ent. 


NHa 

H«0  made  faintly  acid 

with  HjSOj  or  HCl 

NH,C1-|-NH, 

NaOH  in  large  excess 

Dilute  H4SO4 
NH, 


Separation. 


Cu 


FcjOj.HjO 

FejOj.HjO 
Pe,0,.H,0 


Ni-f-Co 


Method  C. — Qualitative  examination  of  pyrrhotite  and  other 
lean  ores  of  nickel. 

1 .  Reduce  to  fine  powder. 

2.  Dissolve  vaaqua  regia ;  evaporate  to  dr>'ness;  dissolve  in 
HCl  and  H,0 ;  filter  off  from  gangue  and  insoluble  matter. 

3.  Pass  H,S  through  the  solution  to  remove  Cu. 

4.  Boil  free  of  H,S ;  peroxidize  with  HNO,. 

5.  Precipitate  the  Fe  with  NH,;  boil;  add  HCl  until  the 
supernatant  liquid  is  faintly  acid ;  boil  sharply  for  ten  minutes. 

6.  Make  strongly  alkaline  with  NH,  and  note  the  color  of  the 
supernatant  solution.  If  it  be  distinctly  blue  the  percentage  of 
nickel  in  the  ore  is  commercially  important. 

7.  If  the  solution  be  colorless,  filter  and  boil  doA\Ti  to  a  small 
bulk  free  from  the  odor  of  NH,.  Then  add  a  few  drops  of  a  solu- 
tion of  potassium  sulfo- carbonate,  which  will  give  a  pink  colora- 
tion if  there  be  any  trace  of  nickel  in  the  ore. 

N.  B. — Test  7  is  also  useful  for  determining  when  the  elec- 
trolytic separation  of  the  Ni  is  complete  in  methods  A  and  B. 
We  find  that  the  reaction  is  best  observed  when  the  solutions  are 
neutral  instead  of  being  alkaline  as  recommended  in  text-books. 

A  distinguishing  feature  of  our  process  is  the  treatment  of  the 
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precipitated  ferric   liy<ln>xitl    with    a  minute    <|uantit\    --r    i- ■-: 
This  has  the  effect  "f    <Iisv»lviii>j  aii\    Ni    or    C«»  hxilrj:*-    trj: 
mav  have  l)eeii  <Mrrieil  <li»\vn  with  the  imti .   4ii«l  it   :*  r.-  ' 

m 

cieiit  than  the  numerous  tedious  ami  tn^uMcwinie  Ti-^i*::::  -^ 
sohition.  precipitation.  filtrati«Mi.  ami  wa^hin^  netx-^-rtatt'! 
older  met  In  H  Is.      At  first  M^hl.  imleed.  it  max  W-  diudKi^t  » ::<  t   f  * 
sulfuric  01    hydnx'hloric  acid  will  unite  with  nukcl  in  y^r-'' 
ence  to  inm.  seeing  that  the  latter  metal  o\itli/e^  nn»rr  rnrr^.» 
cally  than  the  fonner:  hut  the  follow  in>;  themio  ihcnit«  a*.   Lati 
(taken  from  Muir  ami  Wilsim's  '/7ttrwtt/  (  ^rmttfn  ^    «•!"  -li^c 
the  matter  clear : 

lltAl    4«*«*«    «• 

jir*   ••  ««n«'  •   •*■  f   '  ■ 
Kt  nt  |M*tl  I    AI-* 

IV  -♦- n  4-  sn    \i| ««-.>< 

Si  f  u  f  si>    \i|  ...  v*^v 

l"r  -♦-  CI .    f    \«|      *^  **% 

Sx  f  CI.  4-  An ^;  -• 

IV  >-<»  f  Il.o »A  *.s 

Ni  -*-  n  *■  II  o ••  N« 

It  result**  tnmi  these-  lij-ures    ihat  the  heat  «»t  iomat:*  -.      ■    -» 
molecule  n!  lerrmis  Milfate  h\  the  union  oi  icm>u«  l:\»lr«'\ 
dilute  sulfuric  aciil  i^  *!;.**■> — *iS..?S«.       *4  .,^»  utr.:^     \*V.  '.<■    ■    i* 
o|  iiirkfl  Niiltate  li»fr.UMl  li\  tlu*  uiintu  ••!  n:*  kil  !:\.'.:  vTi   .*■: 
MillUTJi'    aiid    Is    s*i.»iv    -rii».s4i.       .•',  ;.,.   :jnit^       \   -n.'^-    •      ^ 
I'onilitions.  thi-Ti'tiirr.  H«Ttlu-!««t  <»  l.iw  ••:  :•!  iMt!i*:i::  .\»'-k  ,  i    •      • 
the   tormalnm  m|   nii  kil   sitl:at«-  ni   :»'t  :irt  v  v!-  !€-•'.■•*   *       :* 
It  IICI  Ik-  llu"  ariil  tin*  livurrH   im 

1  «•»  til  i»  nm  '■••»;«  K»  !  I  !»!•»•  ■  ■  .  I   "  •  ••     ^;  ■  :    *•■• 

Ill  ihi-  p.irtu  i:l  ir  «  i^*-  tjiidt-t   « 'Oi^iilrta:!'*!!  tlu-  :*:  'a.    -^   : •   * 
o!  !i!«  kil   1-  Mil!   !ii««?v  tiiarkvd    a-*    nwitii;  :«•  tV.v  :••  -    *«   •  *      » 
ii\ii|!/f.!    tt^   *i  iN-.i    ifh«  u*:u  \    r«»   Ifs^^-iioJ        Thf"  he  i!       1     •*     • 
tm  inula    \\f-ii;!i!    •'!     .1*  n!      .1-     ^'\*'i'     ^•^     Ht'tV.r!'-?        *'     •»    .  . 

111   tiitiiluditik:  lilts*-    l»r!rt   ni»!r*   1    ir.a\    frmjrk    tVj'    V?    •    *' 
iMioks  omtam  \er\  lew  example^  oi  the   anjl\Mr«  c4  v^«::^- m 
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nickel,  matte,  etc.  I  therefore  add  the  table  4  alxn-e.  fkhah  «:!] 
sen-e  to  indicate  the  general  character  of  the  nulMtancr%  that  thr 
nickel  analyst  is  called  npon  to  examine  iKmaday^ 

At>l>KM»r^ 

In  opr ration  <  of  mrthml  B  Mr    Minrt  ftnd*  thai  IW  hcM  r«M»li»  ^^9  m^mmmr^  t« 

addins  dilute  acid.  dn>|i  by  dn>p.  to  thr  hotline   iim-ipttjitr  ««t»l  tW  i*%m   W-C9»*  w  "m 

atUcked.     If  thia  he-  door  bo  that  o«l>  a  •wall  <|«a»IM>  o«  lh«  %nm  r«la««  uaa*  mttmtmm 

operation  v  l>ccoaie»  uaneceaMiry  and  the  wlioir  anlndaa  «a|:  W  »ii4t  ■!  i^  *%m  tli««M 

from  7.  the  nKimaIr  pre%en<:e  of  a  little  aoatins  ferric  h«4vate  b««nic  oaaM»w»<aaa      V« 

have  alao  diacovered  that  a  K»lutkMi  of  ferric  •nlfate  «•«  be  wttrd  i»«a*wi  mi  -^t-mt  m-'*M 

for  eatractinK  the  nickel  from  the  prrcipAtaled  irtm      TW  fraaMMM*  mi  tfea*  m  ifc  m%  \* 

the  followinK  thermal  valor* 

valur«r* 

Fr,0, -filial,   Aq u  •■^ 

tNi(Olfl),  f  OI,r%(i«  Ah -•     - 


ON  THK  PROPKRTIKSOF   HYI)RlX;KN   PKRtiXII* 

SOLITIONS* 

ll\  llrNa\  I*  TMMir  A^nlUaatar  u    m*m*«*%    ^  • 

The  infonnation  to  lie  fouiul  in  the  prrMrnt  literature  «»(  h%\lr«v 
gen  peroxid  regarding  either  the  prefiaratMm  of  ci«cnitnu^ 
solntions  of  that  reagent,  or  the  |>m|)enie^  of  Mtoh  «»latf«<R%  A?^r* 
their  preparation,  is  meager  ami  unHatistactorx 

Thcnard.t  the  first  to  identifx  thi%  chemicallx  imrrr<:^ 
Hubstaiux*.  cMmixMitratefl  the  dilute  M»hilioii^  mhuh  he  *»*<*:-»•. 
by  fvaiMtration  /w  I'UiMo  over  Milluru*  acul  He  *u*\tv»4«^'  •=. 
attaining  a  high  degree  «»f  o>tux-ntrati«>n.  but  thi«  titrth>«i  :«  :»< 
suitable  f«>r  tlu*  treatment  ot  large  (|iiantitie^  «>i  «»}utHsr.  S:7k^T 
Thenanrn  work,  the  iiiont  im|Mirtaiit  omtnbutHwi  to  tht%  **»-**: 
of  the  Mibjrrt  !•«  that  tiia«le  b\  lljiin<»t  I  He  hnind  thj!  .«-: 
{lartially  freezing  a  Milution  nt  h\tln»geti  |ien>xHi  the  !«k,'.&^ 
remaining  alter  the  removal  ot  the  ii^  otiilaine«i  i  lar^e* 
|)ortion  o(  |>eroxid  than  the  original  dilution  and  t«««k  *i!\  A::tj 
of  this  tact  a^  a  means  ot  i^>iu*entrati«m  In  this  fka\  He  (^<A-rar>! 
iioluti«>ns  %iliirh  would  xieltl  o|  thetiiMrhes  ir\xnl\  to  et^htt  tt^rar^ 
their  i»\\ii  volume  of  oxx^eti   u|x*ti  oimplete  de>-^mi;«»ut>«^. 

Uanriot  Nub*<*i)uetitl\  tonndi  that  dilute  <«»Iuti4nt*  «•!  h^^ln^r- 
per«ixid  oMild  lie  i*onix>ntratetl  b\  dwtilUtuiu  at  grratS  ^rsi^.vNl 
pressures  uithout  M*noti<»  1«vn%  b\  det^niipuiation     antl  tn  th;%  «a« 

•  I  •*••«  thr    I  ♦  «  Sit  -I-  •<  *    Oit«rlr  *'\ 

'   \'iii     .  hifvi     1-*  «  %  10       *    «       114.   *  II      <•«•      «« 

;  V  t>fii|*t    trrt't      l«u     ■**« 

ic«««ipl   i«n«l     laa    i««« 
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under  a  pressure  of  three  mm.,  he  obtained  a  solution  which 
would  evolve  267  times  its  own  volume  of  oxygen,  and  states 
that  no  appreciable  decomposition  takes  place  below  150  volumes. 

The  writers  of  the  present  article  have  had  occasion  to  deal 
with  commercial  solutions  and  to  prepare  from  them  concentrated 
solutions  in  considerable  quantities.  The  facts  here  presented 
are  those  which  have  been  observed  during  the  progress  of  this 
work,  which  have  a  bearing  upon  the  questions  in  hand. 

The  commercial  solutions  found  on  the  market  varied  in 
strength  from  eighteen  volumes  to  twenty-three  volumes,  if  only 
those  are  included  which  were  known  to  have  been  freshly  pre- 
pared.    Others  were  found  which  were  as  low  as  eight  volumes. 

Kingzett*  has  called  attention  to  the  variations  in  custom  as 
regards  the  expression  of  the  value  of  solutions  of  hydrogen  per- 
oxid.  He  states  that  a  fifteen- volume  solution  is  properly  **  one 
which  of  itself,  by  complete  decomposition,  will  furnish  fifteen 
times  its  own  volume  of  oxygen  at  ordinary  temperature  and 
pressure  *  *;  but  he  points  out  that  the  American  custom  designates 
as  a  fifteen-volume  solution  one  which  will  evolve  fifteen  times 
its  own  volume  of  that  gas  when  brought  into  contact  with  a  sub- 
stance which  itself  furnishes  one  half  the  volume  of  oxygen.  It 
is  evident  that  the  latter  solution  has  but  one-half  the  strength 
of  the  former.  Since  the  latter  method  of  expression  is  that  used 
commercially,  it  will  be  employed  throughout  this  article ;  but 
attention  is  called  to  the  fact  that  for  purposes  of  oxidation  the 
amount  of  available  oxygen  is  but  one-half  that  indicated  by  the 
commercial  name. 

A  suggestion  made  by  Dr.  F.  H.  Williams,  that  the  strength 
of  solutions  should  be  uniformly  expressed  in  percentage  of 
hydrogen  peroxid,  is  one  which,  if  generally  adopted,  would 
avoid  the  confusion  now  existing,  and  would  be  more  readily 
understood  by  physicians.! 

In  view  of  the  fact  that  hydrogen  peroxid  is  generally  recom- 
mended as  a  useful  reagent  in  anahlical  chemistry,  it  is  desirable 
that  something  should  be  known  regarding  the  purity  of  the  solu- 

•  Journal  of  the  Society  of  Chemical  Industry.  9  (1H90).  4. 

t  It  may  be  noted  here,  for  purposes  of  comparison,  that  a  30- volume  solution  (as  the 
terra  is'used  in  this  article),  contains  2.9  per  cent,  of  hydrojj en  peroxid  ;  a  50-volume  solu- 
tion. 6.9  per  cenL,  and  a  loo-volume  solution.  13.4  per  cent.,  by  weight. 
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lions  which  are  readily  available.    Of  the  ciRht  crnnmcn  tal  ^m 
pies  examined,  none  were  suitable  lor  analytical  purpiMc^  « itbiHrt 
purification,  and  most  were  so  impure  that  their  u^c  %»cmUl  W  *.I! 
advised  even  though  blank  analyses  had  lieen  made      Thr%  ob- 
tained hydrochloric,    sulfuric,  phosphoric,    and   hydrodtmu'^^*: 
acids,  sugar  and  glycerin.    The  ti»*o  latter  %ubsiancr%  mete  perc- 
ent in  largest  amounts  in  the  sample  prefMired  for  mrdtcinal  a«r 
Barium,  calcium,  aluminum,  and  magnesium  were  abn  kmtmi 

The  amount  of  phosphoric  acid,  as  found  by  prectpitat»t*a  «:th 
ammonium  molylxlate  and  reprecipttaticm  a.%  ntagne^um  amssB^ 
ninm  phosphate,  was  in  one  sample  <>.  i6  per  i^ent  .  to  joi<brr 
0.13  per  cent,  of  the  solution  by  weight:  an  am^mnt  cafatiir  uc 
doing  much  mischief  in  analytical  w<»rk. 

Fifty  cubic  centimeters  o<  a  commervMal  sample  ex-apcmUnS  «« 
a  water  bath  left  a  residue  weighing  it.osMi  gm..  ot  which  *•    ««:^ 
gm.  reniatne<l  after  ignition.     Thin  sample  omtatned    %oIrsrv 
phosphoric   and    hydmfluosilicic  aci<U  and  Ikanum       .\  %»B:p«c 
intended  for  metltctnal  use  yteldetl  a  Hynip\   rt^idue  00  r\  a;«>r» 
tion.  the  amount  from  fifty  ci\  weighing  o  44t«»  gm      jt    :  v     s 
it  was  still  syrtipy.  but  had  the  tuior  of  caramrl    antl  the  »T:<r: 
had  fallen  to  0.4195  gm. :   ufM>n   ignition  <nrr  a   Runvn  ^•u-*>r- 
glyi^vrin  distilletl.  and  the  Migar  wa**  rharrrd  ami  Immnl     •    * 
rcsiihu".  after  treatim-nt  uilh  ainnionium  nitrate.  ^»cnii:  wh-tr    xr* 
weighing  «).oi<»4  gni.     This  rvHidut*  \%a«»  largeK  >»jnuni  ihj»<*»: 

The  preM.*!UH:  of  hydroHiKisiliru-  .uid  m  iIu-m:  ^•lutN»n*  t*  a"* 
a  menace  to  analytical  work  hiiux*.  uj>on  Mil>^e«|uent  nrutralrrat^  a 
<»f  the  arid,  the  prmpitation  of  an  tn^oltiMr  h%«1rir*f!'v**!''  ^*T  - 
ol  silicic  ariil  lakrs  plait*  t-iiiur  nt  uliufi  i»»  Iikrix  !«»  :n:r*'T-T 
uilh  grax  imrtrii*  priH"t'**'<*s  The  anion  tit  i*t  h\«lni|)u*«M>«-s  j.  •  .. 
louiitl   ni  onr    s;tniplr     a  twctitN  t\\«>  \«tlutiir  Mihit^on      «a«  % 

|HT  ri-nl  of  ihr  Milntion  !»\  wnglit  The  a*  i«l  wa*  ;*fr\ 'v:titr'. 
and  \\riv;hrd  .|H  |M»ta<^««inni  ••ilutif1ii«ind  atwl  na^  al«»  «lr?«r«;rw«i 
from  thi*  aiiKMiiit  «»t  sili«  .1  prr^*tit 

An  ordri    plaii-il  with  «»nc  oi  ifir  inaiuitai1urrr%  S*    1  ;-rrTfc** 
alioii  of  hNiln^geii  j>efo\id  which  «^hould  W  ^ufbitcntlx  ;*u*t   vr 
anahtual  pnqM>M*^  resnltrtt  111  thr  prt^hu'tt««n  tM  j  ^4ut»»«s  »^>.  t 
was  ffiT   frnin   |»li«»^phoru-   and     af»«l  \  irKIr*!   Kut  0  **\4^  ^t-       r 
i>;iiitc«l  tcsiilm  from  litt\  n'   «if  the  sample       The  ammiut  u£  ^'.*,x 


PROPERTIES   OF    HYDROGEN    PEROXID   SOLUTIONS.         653 

found  was  0.0026  per  cent,,  and  only  minute  quantities  of  calcium 
and  aluminum,  with  a  little  organic  matter,  were  present.  This 
sample  might  have  been  used  for  analytical  purposes  without 
further  purification. 

As  a  method  of  purification  of  the  commercial  solutions,  the 
following  was  found  most  succssful :  The  solution  was  treated 
with  about  ten  per  cent,  by  volume  of  alcohol,  after  which  barium 
hydrate  in  powder  was  added  to  distinctly  alkaline  reaction.  The 
precipitate,  containing  most  of  the  impurities,  was  then  filtered 
off  with  the  help  of  a  gentle  suction,  using  a  porcelain  filter  plate, 
and  the  excess  of  barium  removed  by  the  addition  of  sulfuric 
acid  in  excess.  The  barium  sulfate  was  allowed  to  settle,  and 
the  supernatant  liquid  quickly  filtered  as  before.  The  loss  of 
peroxid  is  small  if  the  first  filtration  is  hastened,  thereby  reduc- 
ing the  time  during  which  the  solution  remains  alkaline.  By 
this  method  the  amount  of  silica  was  reduced  from  0.028  per 
cent,  to  0.003  per  cent,  of  the  solution  by  weight.  The  alcohol 
may  be  removed  by  distillation  at  reduced  pressure,  and  the 
residual  solution  may  then  be  used  for  anal>'tical  purposes  with- 
out further  precaution  than  the  customary  blank  analysis.  The 
barium  hydrate  used  should  be  as  free  from  carbonate  as  possible. 

It  was  subsequently  found  that  a  solution  thus  treated  could 
be  further  purified  by  distillation,  but  only  at  a  great  sacrifice  of 
material.     This  will  be  referred  to  again. 

The  addition  of  ferric  chlorid  and  subsequent  precipitation 
with  barium  hydrate  cannot  be  employed  as  a  means  of  purifi- 
cation, since  the  formation  of  ferric  hydrate  in  the  solution  causes 
prompt  and  complete  decomposition  of  the  peroxid  which  the  pre- 
vious addition  of  alcohol,  ether,  or  their  mixture  does  not  hinder. 

It  was  found  that  the  concentrated  solutions  containing  phos- 
phoric and  hydrofluosilicic  acids,  when  shaken  with  ether,  gave 
up  a  p>ortion  of  these  acids  together  with  the  peroxid.  Purifi- 
cation by  this  means,  therefore,  was  not  possible.  Experiments 
proved  that  for  practical  purposes  concentration  by  distillation  at 
reduced  pressure  is  preferable  to  freezing.  The  distillations 
were  made  in  glass — an  ordinary  round- bottomed  flask  or  a  boil- 
ing flask,  a  Liebig  condenser  and  glass  receiver  comprising  the 
apparatus.  The  stoppers  were  of  rubber.    For  distillations  at  pres- 
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sures  less  than  that  of  the  atmosphere  the  a|>panitU!^  Ha.%cimnrttr>l 
with  a  suction  pump  capable  of  retlucinK  the  pmw^urr  tothtn\  «< 
forty  mm.  To  prevent  violent  humping,  it  na*  Ui^ualU  i%c\x^%%»r> 
to  insert  a  capillary  tul>e  and  draw  a  slow  currmt  i4  air  thnmich 
the  solution  in  the  l>oilin)(  flask.  This  bumping  is.  in  it^clt.  an  t\  -.- 
dence  that  the  deconifKMiition  of  the  fieroxid  is  slight.  Tc»  prrxmt 
decomposition  by  over-heatinf(.  the  flask  was  placed  in  a  water  i«ith 

The  rate  at  which  the  solutions  concentrate  under  v^ry  iti|C  o>o 
ditions   inav  l)e  leametl    from  the   tables   lieknr.     The   oi2c=n 
marketl  **  Per  cent,  total  loss**  expresses  the  percenUKeoi  h^ilf* 
gen  f>eroxid  which  the  solution  has  lo*4  during  the  dKiUatihc 
and  is  calculated  upon  the  theoretical  cimcemration.   «hKh    -? 
turn,  is  estimatetl  from  the  decrease  in  \*olunie  oi  the  «klat»i«n  i^n 
the  lioiling  fla.sk.  and  takes  no  account  ol  the  small  quAnm^   *4 
peroxid  which  pas.ses  into  the  distillate.     The  cotnmervial  ^i^. 
tioii   employed    was  a    twenty -volume   <«nlutitm.    omtatnttig^    x« 
impurities,  phosphoric.  hydn>fluc«»ilicic.  sultunc.  and  h%dnv-h>«v 
acids,  ami  a  small  quantity  of  iron. 

The  rate  of  ix^ni^ntration  of  the  residual  %i>lutioa  m  the  hatlx^c 
flask  was  detennine<l  b\  titration  with  fMHa?#aum  permancafiatr 
One  cubic  cxMitimeter  was  renuivetl  with  a  pipette,  diluted  «iak 
fifty  to  seventy  five  rubic  ix^iitimcterH  <»t  «|iHtillc«l  water  a^-wlubnl 
with  sulfuric  acid,  and  titratctl  t«>thc  cuHtoiiiar>  eml  |H*tnt  TV?« 
was  the  nicth(Kl  cmploNcil  tii  nil  dctrmnnatums  mentKjntd 
a  (x>mpanM)ii  of  this  nu-tht^l  with  a  i:as  v«»lunietnc  i^rwr^^  » 
lie  made  al  the  rlo%f  ni  thr  article 

CmNCI-MM%II«»N    Its    l»l'*tir  I  \TI»»S 
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CONCENTRATION  BY  DISTILLATION. 


III. 

IV. 

UNDER  PRESSURE  OF  I40  MM. 

1 

UNDER  PRESSURE  OF  30 

MM. 

Vol.  of 

1 

strength 

Streng^th 

of 

Residual 

Solution, 

vols. 

1 

Vol.  of 

Strength   1   Strength 

Distil- 
late, 
cc. 

of 

Distillate, 

vols. 

Per  cent. 
Tola!  loss,  i 

1 

0.0 

Distil- 
late, 
cc. 

of 

Distillate, 

vols. 

Residual 

Solution. 

vols. 

Per  cent. 
Total  loss. 

55 

0.5 

^l 

50           0.9 

22.0 

2.7 

55 

0.8 

26.8 

0.8 

50 

0.9 

25.2 

50 

55 

0.8 

30.8 

9-4 

50 

0.9 

^•t        1 

6.) 

55 

0.8 

39.0 

12. 1 

50 

0.9 

.^7.8        ' 

55 

^ 

1.2 

63.6 

8.4 

50 

0.9                49.8 

7-7 

60 

2.0 

1.38.7 

4.6 

50 

1.3                  77-2 

2.7 

20 

6.3 

189.4 

7.0          , 

50 

9-4                i5'-2 

4.8 

Orififinal  volume  =  400  cc. 

Oriffiual  volume  —  400  cc. 

Original  strength  =  20  vols. 

Original  strength  =  19.84  vols. 

CONCENTRATION 

BY  DISTILLATION. 

1 
V. 

VI. 

AT  ATMOSPHERIC  PRESSURE  WITH  Til K 

AT  390  MM.    PRESSURE  WITH  THE  ADDITION 

ADDITION  OP  PHOSPHORIC  ACID. 

1 
1 

OF  PHOSPHORIC  ACID. 

Vol.  of 

Strens^h 

Strength 

of 

Residual 

Solution, 

vols. 

Vol,  of 

Strength 

Strength 

of 

Residua] 

Solution, 

vols. 

Distil- 

Per cent. 

Distil- 

Per cent. 

late. 
cc. 

Distillate, 
vols. 

Total  loss. 

late, 
cc. 

Distillate, 
vols. 

Total  loss. 

60 

0.6 

21. 1 

10.8 

40 

0.6 

21.5 

4.0 

60 

ti 

24.5 

15.0           ! 

50 

0.6 

"•3 

13.9 

60 

27.9 

235 

50 

0.9 

26.5 

14.2 

& 

0.8 

35-6 

29.2 

50 

1.3 

3^5 
37-8 

18.0 

5^*^ 

1.9 

.54.2 

35-9 

50 

0.9 

24.7 

.■.'^;^' 

i' 

69.0 

70.0 

60 

1-9 

53-9 

32.9 

■"» 

8.5 

0.3 

99-9 

50 
45 

4.1 
19.2 

107.3 
6.3 

33.2 
99.8 

Original  volume =400  cc. 
Original  strength  =  20.2  vols. 

It  is  obvious  that  the  figures  representing  the  loss  by  decom- 
position in  these  tables  must  be  approximate  only,  since  this  is 
influenced  by  the  amount  of  mechanical  agitation  of  the  solution 
and  the  length  of  time  which  it  has  stood  at  the  temperature  of 
the  laboratory  previous  to  distillation.  Another  factor  which 
influenced  the  results  when  the  distillation  was  made  at  very  low 
pressure,  was  the  removal  of  uncondensed  steam  through  the 
suction  pump,  the  low  temperature  at  which  the  solution  boils 
(36**  C.  for  thirty  mm.  pressure),  making  it  difficult  to  effect 
complete  condensation.  Tables  I  to  IV,  inclusive,  show  approxi- 
mately the  rate  of  concentration  under  varying  conditions,  and 
demonstrate  the  fact  that  strong  solutions  may  be  prepared  by 
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distillation  at  a  pressure  of  thirty  to  forty  mm.  with<»ut  '^•t :•■-;* 
loss.  The  adciitioii  of  certain  mm-volatile  >ul><aiKt-^  a^  jrr 
serxatives  during  distillation  was  tM)t  attended  %»ith  a  Urge  <irK*«^ 
of  success.  Sulfuric  acid,  lioracic  acjd.  ph«i^ph<»nc  aitd  jir»5 
glycerin  were  each  lrie<l :  but.  of  lhe>e.  ph<»^phoric  jci«l  Arfx 
ap|>eared  to  hinder  deconi}M>sition.  and  that  «>nly  u:thin  %vrtji  = 
limits,  as  shown  by  Tables  V  and  VI.  At  the  Umrr  prr^i%t:rr 
the  results  are  more  favorable  than  in  the  al^Mrmx'  ot  the  a^  >1 
until  the  solution  is  highly  ct)ncentrate<l.  Ten  cubic  ixntittictcr* 
ol  a  saturateil  M»lution  of  phosphoric  ai  ul  uerr  um.*!  tn  the  t.-< 
ca.se  (Table  V).  and  five  cubic  iX'UtinK'lers  ni  the  si-\^»nd  '^ 
the  action  of  the  remaining  acids  and  glxi^nn  it  ma\  !ir  %»;«! 
that  they  ap|>ear  to  hinder  flei'<mi|>oHition  onh  at  the  hr<  ar.r? 
which  they  increase  rather  than  lexsrii  the  k»ss  h  ma\  W  inrr 
tioiied  that  the  presi*iux:  of  an  ewx-xs  of  cuu'«tic  atkah  «»r  amnx-.tj 
causes  prompt  and  o>mplete  deo>ni}M»sitioii  c»i  the  |icn»\Hl 

The  figures  given  in  Tables  III  and  IV  <»h<m  that  j{<|*rT\ta'.ir 
(|uantities  o|    liytlrogen  |H'roxid  }»as»%  into  the  di^illatc^  a*  ti.T 
s4»lution  in  the  lM>iling   f^ask   ctmcrnlratr^      Thi%    ta^t    nia\     V 
utilized  as  a  incthi»d  ol  purification  ol  the  |Hrn»M«l  <«>Uitt««cx«  m-r^ 
most  iti  the  foreign  ingredient^.    It  is  ii«>t  wholU  %uc\^r^i^ul    sta  t 
the  hydn»fbiosilirir  acid  i**  pre«<-iit   in  **\uU  l.irgr  ijuatit^tsr^  '.V-t! 
at  the  |Hiint  at  whiih  the  |KTi»\id  l>egin«»  t«»  pas^^  o\r?  :t:  a-t\     «  - 
sidcial>le   ipiantitN  .  thi^   and   i»*  4lecomj'«»«<d   ami   ^r.!**.r.   I?^*- 
p.i*»s<-H  into  the  distillati  with  the  iv  lotmatioti  <*i  h\i!ri •(!;>*«:  - 
a«nl       TliiN  ua^  made  e\  idciit  \*\  thr  a<  \  timulatt^m  0}  %:!%  t^   i.,- 
m   the  1  oiidens<i    !r«»m  the   partial   tU-t<iin{M*<»itioit  «•(  the   *•    .*  •" 
rtuoiid   b\    omdeiiMMl   nteam       The   diMiIlatr   1^   :rrr   ?r»«rr   i<^'- 
impuntu-H  than  the  h>dri»rtnoHiluu  a*  i»l    aiu!  b\   4  M^^'tn!  .%«r%,T- 
tratioti  a  \er\    pure  N«>Intion  *«»uld    d«»n*.tless  N-  o^Ptatno!    V-*  a* 
a  great  sacrifue  «»|   niateiial        H\   siib|iiting  the  hhratr  •*^«-*  •^  c 
pieiipttation  with   barium   hxdr.ile  in  tlir  prt-Mrtur  o|  aU^^V*    *• 
alieail>   deMrilH-«|.    tf»  i|iMillati«>ti  at    rtdiurtl  prr-sMirr     *:    *   ra»% 
to    obtain    a    distillate    whuh     while   weak      o»ntatn%    m   r  — •!«• 
f|uantit\  o|   h>flr«»tbi4»Hdicic  ai  id       It    ina\   >«r  t^»iKTntTatr*'.  *•?* - 
tile  adthtioii  of  Htirft  a    <}Uaiitit\  «»l   ^ulturu*   41  id  that    «hc*^  ^^  r 
teiitrated  t«»  a   tueiit\   xojnine  "-iklution    it  «»hall  i^»ntatit  a^» a:!  .    : 
\H.t  tent    b\   Weight  of  the  at  id 
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The  statement  is  made  by  Hanriot*  that  pure  hydrogen 
peroxid  gives  an  acid  reaction ;  but  distillates  prepared  as  just 
described,  capable  of  evolving  nine  volumes  of  oxygen,  are  but 
very  feebly  acid  (which  may  be  accounted  for  by  the  presence  of 
hj'drofluosilicic  acid  and  hydrofluoric  acid  in  very  small  quan- 
tities), and  when  made  neutral  by  a  drop  of  an  alkali  solution 
remain  so,  even  though  the  amount  of  peroxid  is  undiminished. 
It  appears  to  us  that  the  statement  of  Hanriot  cannot  be  correct, 
although  he  claims  to  have  proved  the  absence  of  acid  in  the 
solutions  tested. 

The  data  already  presented  make  it  evident  that  the  prepar- 
ation of  concentrated  solutions  of  hydrogen  peroxid  from  the 
commercial  solutions  is  a  matter  of  but  little  difl5culty,  unless  the 
complete  absence  of  foreign  matter  is  required.  The  writers 
have  prepared  considerable  quantities  of  solutions,  var>'ing  in 
strength  from  thirty  to  five  hundred  and  eighty-eight  volumes. 
It  has  generally  been  found  expedient  to  concentrate  the  solution 
to  about  fifty  volumes  before  making  any  attempt  to  purify, 
unless  the  purification  is  accomplished  by  precipitation  with 
barium  hydrate,  in  which  case  the  precipitation  must  precede  the 
concentration.  A  convenient  procedure  by  which  the  impurities 
may  be  largely  removed  is  the  following :  The  solution  is  made 
neutral  with  caustic  potash  (as  free  from  carbonate  as  possible), 
and  the  precipitate  of  silica,  potassium  silicofluorid  and  other 
impurities  is  allowed  to  settle.  This  takes  place  promptly. 
The  supernatant  liquid  is  then  decanted  through  a  ribbed  filter, 
and  the  la.st  portion,  which  contains  the  precipitate,  and  there- 
fore filters  slowly,  is  rejected,  or  preserved  for  re-concentration 
if  necessary.  In  this  way  a  solution  is  obtained  which  is  free 
from  most  of  the  original  impurities,  but  contains  potassium  salts 
of  the  acids  present.  The  filtered  liquid  should  be  made  acid 
with  sulfuric  acid  as  soon  as  filtered,  to  prevent  the  decomposition 
of  the  peroxid  in  neutral  solution,  and  the  amount  of  acid  added 
to  a  fifty- volume  solution  should  be  about  0.5  per  cent,  by  weight. 
An  equivalent  amount  of  hydrochloric  acid  may  be  substituted 
for  the  sulfuric  acid. 

In  the  preparation  of  solutions  above  fifty  or  sixty  volumes  it 

*Compt.  rend..  loo  (1885).  172. 


1 
u 


•/. 


r. 


3  2 


?.  C 


T   £ 


a   i 

#    — 


r. 


c 


I 


tl 


*    i 


•    ft 


r    E 


*    i 


rz         r: 


»» % 


«    • 


PROPERTIES  OF   HYDROGEN    PKROXID   SOLUTIONS.         659 

is  expedient  to  purify  with  caustic  potash,  if  this  is  the  method 
used,  before  concentrating  beyond  this  point,  since  the  stronger 
solutions  decompose  with  great  rapidity  as  soon  as  the  acid  is 
neutralized. 

The  loss  of  strength  is  very-  gradual  even  in  highly  concen- 
trated solutions,  provided  there  is  free  acid  present.  The  accom- 
panying table  will  furnish  data  in  support  of  this  statement. 

A  comparison  of  the  solutions  numbered  2  to  8  inclusive,  shows 
that  those  which  have  been  prepared  by  the  evaporation  of  com- 
mercial solutions,  without  neutralization,  maintain  their  strength 
for  a  considerable  length  of  time ;  while  those  which  have  been 
made  neutral  decompose  in  a  few  days,  and  an  excess  of  alkali 
causes  immediate  deterioration.  In  some  cases  the  decomposition 
upon  the  addition  of  the  alkali  was  spontaneous  and  accompanied 
by  a  marked  evolution  of  heat.  Solutions  which  have  been 
even  partially  neutralized  by  alkali  carbonates  deteriorate  during 
the  neutralization,  the  carbonic  acid  evolved  acting  mechanically 
to  destroy  the  peroxid. 

It  is  also  evident  from  the  foregoing  table  that  solutions  of  less 
strength  than  100  volumes  may  be  kept  for  some  time  at  the 
temperature  of  the  laboratory ;  but  an  examination  of  solutions 
9  to  12,  inclusive,  shows  that  the  highly  concentrated  solutions 
are  preserved  for  much  longer  periods  if  kept  at  low  temperatures. 
The  stronger  solutions — from  50  to  400  volumes — find  their  chief 
use  in  medicine  and  dentistr\',  and  a  loss  of  ten  per  cent,  in 
strength  does  not  interfere  with  their  practical  efficienc}'.  A 
glance  at  the  table  shows  that,  even  in  case  of  the  strongest  solu- 
tion, several  days  elapse  before  the  value  of  the  solution  dimin- 
ishes to  that  extent.  It  should  be  mentioned  that  these  solutions 
were  stoppered,  and  were  only  disturbed  when  the  samples  were 
removed  for  analysis.  The  deterioration  would  have  been  slightly 
greater  if  the  solutions  had  been  frequently  exposed  to  the  air  or 
frequently  shaken ;  but  the  fact  is  demonstrated  that,  if  reasonable 
precautions  are  taken,  even  400-volume  solutions,  if  freshly  pre- 
pared, may  be  preserved  sufficiently  long  to  admit  of  their  prac- 
tical use  by  physicians  in  extreme  cases.  They  should  be  care- 
fully stoppered,  kept  at  a  low  temperature,  out  of  contact  with 
daylight,  and  should  be  disturbed  as  little  as  possible.     To  what 
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extent  the  permanency  of  the  strong  solution  may  be  increased 
by  the  addition  of  the  preservatives  recommended  by  King^ett 
for  commercial  solutions,  the  writers  have  not  yet  determined. 

Finally,  a  few  words  regarding  the  practical  value  of.  the 
permanganate  method  for  the  determination  of  the  amount  of  the 
hydrogen  peroxid  present.  If,  as  has  been  stated,  the  oxygen 
evolved  during  the  treatment  with  permanganate  is  not  furnished 
equally  by  that  reagent  and  the  hydrogen  peroxid,  the  titration 
should  not  yield  accurate  results.  For  the  purpose  of  comparison, 
the  amount  of  oxygen  evolved  by  the  solution  alone  was  deter- 
mined with  the  aid  of  the  following  apparatus:  A  boiling  flask, 
of  thirty  cc.  capacity  was  connected  at  its  neck,  by  means  of  a 
J  tube,  with  a  carbonic  acid  generator,  and  with  a  two  cc. 
pipette.  The  delivery  tube  from  the  boiling  flask  was  connected 
with  a  Mitscherlich  bulb  surrounded  by  ice,  and  that,  in  tnm, 
with  an  azotometer  filled  with  a  caustic  potash  solution  (sp.  gr. 
1.27).  The  air  was  first  expelled  from  the  apparatus  by  a  cur- 
rent of  carbonic  acid,  after  which  the  stopper  of  the  flask  was 
removed  to  insert  the  hydrogen  peroxid  (two  cc. ) ,  and  the  small 
quantity  of  air  introduced  was  again  removed.  The  introduction 
of  the  peroxid  was  delayed  until  the  greater  portion  of  the  air 
had  been  expelled,  to  prevent  possible  decomposition  due  to  the 
contact  with  the  carbonic  acid  for  a  longer  time.  Finally,  two  cc. 
of  a  solution  of  caustic  potash  (sp.gr.  1.27)  was  admitted  through 
the  pipette  and  J  tube,  which  caused  immediate  evolution  of 
oxygen.  A  gentle  pressure  of  carbonic  acid  was  maintained,  and 
the  flask  heated  in  an  oil  bath  until  the  solution  had  completely 
evaporated.  The  Mitscherlich  bulb  acted  as  a  condenser,  but 
no  trace  of  undecomposed  peroxid  could  be  found  in  the  con- 
densed liquid.  The  oxygen  passed  into  the  azotometer  and  was 
measured,  transferred  to  a  Hempel  pipette,  the  oxygen  absorbed 
in  potassium  pyrogallate,  and  the  small  amount  of  air  deducted. 
The  residual  volume  was  corrected  for  temperature  and  pressure. 
The  results  were  as  follows : 

A  solution  which,  from  the  titration  with  potassium  perman- 
ganate, should  evolve  10.08  volumes  of  oxygen  at  0°  and  760  mm., 
was  found,  by  the  gas-volumetric  method  just  described,  to  evolve 
10.12  and  10.22  volumes  (corrected),  the  variation  being  0.4  and 
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1 .4  per  cent,  respectively ;  showing  that  for  practical  purposes  the 
results  obtained  by  titration  with  a  solution  of  potassium  perman- 
ganate, which  has  been  standardized  against  iron  wire,  are 
suflSciently  accurate.  No  further  comparisons  have  yet  been 
made  of  this  gas- volumetric  method  with  other  methods ;  but  the 
apparatus  is  so  easily  constructed,  and  the  process  is  so  simple 
and  rapid,  that  it  commends  itself  as  a  ready  means  for  the  determi- 
nation of  the  amount  of  oxygen  which  the  peroxid  solution  alone 
will  furnish. 

In  conclusion,  the  writers  desire  to  express  their  indebtedness 
to  Dr.  T.  M.  Drown  for  valuable  suggestions  and  kind  interest 
throughout  the  work. 

MASSACHrSRTTS   INSTITITTK  OF   TKCHNOMXiY. 

Jri-v,  iHq2. 

NEW  BOOKS. 

Manual  of  Qualitative  Blowpipe  Analysis  by  Endllch.*— 

This  is  one  of  the  late  works  on  blow^pipe  analysis,  and  justly 

takes  rank  with  Brush,  Platner,  and  Woehler.     Special  mention 

is  made  of  the  physical   properties  of  the  substance,  and  minute 

directions  are  given  for  those  who  depend  upon  self-instruction. 

Among  the  more  recent  tests  are  the  reducing  action  of  stannous 

chlorid,  the  treatment  with  potassium  bisulfate,  and  the  iodids 

with   sulfur.     It  will  prove   a  valuable  aid   to   those  teaching 

the  subject. 

d.o'b. 

A  System  of  Instruction  in  Qualitative  Chemical  Analy- 

Sls.t — The  arrangement  of  this  work  is  quite  different  from  the 
conventional  text  books  on  qualitative  analysis.  The  intro- 
duction, though,  gives  us  the  warrant  for  the  course  of  the  author, 
who  embodies  here  the  results  of  a  score  of  years  spent  in  teach- 
ing chemistr\\  The  instructor  at  the  College  of  Pharmacy 
occupies  an  elevated  rostrum,  in  full  view  of  ever>^  student  in  the 
room.  Each  one  is  given  a  p>ortion  of  the  same  solution  and 
works  with  the  instructor,   using   a   parallel   set   of   apparatus. 

•  Published  by  the  Scientific  Publishiiijf  Co..  New  York.    456  pp. ;  price,  5400. 
t  A  Sy.stem  of  Instruction  in  Qualitative  Chemical  Analysis.     By  Arthur  H.  Klliott 
Ph.D.     Published  by  the  Autlior.    College  of  Pharmacy  of  City  of  New  York. 
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Pull  expUnatioiis  are  made  of  each  iCep  in  the  aeparaUcxM 
Following  out  the  plan  porsued  in  the  author's  laboratonr .  «e 
find  first,  directions  for  separations,  then  come  reasons  for  itrps 
involved,  followed  by  tabulated  schemes,  and  finally,  the  tadtnd 
ual  tests  for  each  metal  in  a  group  are  given  at  the  close  oi  that 
group.     A  unique  feature  of  the  book  bthe  grouping  ei  "com 
mercial  compounds  "  at  the  end  of  each  metal,  as.  lor  exampk. 
"cream  of  tartar,"  "pearl-ash,"  "Rochelle  sah/*  etc..  uadcf 
potassium.     Especially   good  are  the  explanations  ol   the  facts 
upon  which  the  separations  are  baaed.     Though  written  pnman:i 
for  students  who  expect  to  follow  pharmao*.  and  we  find  hrfv 
and  there  references  to  the  "  U.  S.  P.,"  an  authority 
nized  by  the  ordinary  anal>'tical  chemist,  the  book  is 
for  use  with  any  class  of  students  in  qualitative  aaaly 

.%     H    W 

NOTES. 

If  we  are  to  judge  from  the  manuscripts  recet\-ed.  aftd  ttvm 
comments  made  upon  it.  the  new  s>'stem  of  speUing 
words  has  come  to  stay.  The  Bureau  of  Education  at  Wa*hi 
has  published  the  report  in  chart  form  lor  the  use  of  Prefiaraun 
and  High  Schools.  In  an  editorial  I>r.  Edward  C  Ktrk  t«f  xSt 
Dental  Cosmos  says:  **The  IVmimi  Cosmos  wiU  adopt  the 
method  as  itn  standard  for  the  siKrlltng  of  chemical  terBK^ 
mencing  with  the  issue  for  January'.  1893.  and  we  mpcx^t^n!!^ 
urge  upon  our  contributor  the  propriety  ok  gaining  a  tamt!Ltr  .\ 
with  the  revised  nometurlature  by  a  study  of  the  report  •  •  • 
In  this  connection  we  desire  to  call  attention  to  the  dropfi«&^  oc 
the  final  f  in  the  ^-ord  drmiimr,  the  spelling  irmhn  brii^  the  k^rs 
useil  in  both  the  Centur>*  Dictionary  and  Fostef*  Medics: 
Dictionary,  and  it  has  been  ado|>ted  as  the  preferred  lorxa  b%  thr 
editors  of  Funk  and  WagnalU  Standard  Dictionary  * 


[December,  1892.] 


TECHNICAL  ESTIMATION  OF  MANGANESE  IN 
ORES. 


REPARE  the  following  solutions;  A  standardized 
solution  of  potassium  permanganate,  approximate- 
ly one-tenth  normal.  A  solution  of  oxalic  acid 
<«iitaining  about  1 1 .46  grams  of  C,0,H„2H,O  per 
liter.  Determine  the  exact  strength  of  this  solu- 
tion by  titrating  with  the  permanganate  in  the 
presence  of  hot.  dilute  sulfuric  acid  in  the  usual 
manner,  and  then  calculate  its  value  in  manganese 
on  the  basis  that  C,0,H„2H,0=Mn.  It  will  be  found  that 
one  cc.  will  equal  about  0.005  g™-  of  Mn,  or  about  one  per  cent, 
when  0,5  gm.  of  ore  is  taken  for  analysis.  A  saturated  solution 
of  bromin  in  cold  water.  Always  keep  an  excess  of  bromin  in 
the  bottle.  Under  the  conditions  to  be  described,  twenty-five 
cc.  of  this  solution  will  precipitate  about  thirty-five  per  cent,  of 
manganese. 

Method  of  Analysis. 
Treat  0.5  gm.  of  the  ore  in  a  sixteen  ounce  flask  with  whatever 
acids  are  necessary  to  decompose  it.  Usually  five  to  ten  cc,  of 
hydrochloric  acid  or  aqua  regia  are  sufficient.  Boil  until  the  free 
acid  is  nearly  gone.  This  may  be  accomplished  in  two  or  three 
minutes  by  manipulating  the  flask  over  a  naked  flame.  Dilute 
with  about  seventy-five  cc.  of  hot  water  and  add  an  excess  of  ZnO. 
Boil  to  effect  complete  neutralization  of  the  acid.  Now  add  an 
excess  of  the  bromin  solution,  (usually  twenty-five  cc.,  never 
more  than  fifty  cc.),  and  boil  for  a  minute  or  two  until  the  excess 
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is  expelle<i,  as  indicated  by  the  disappearance  of  the  red  ru 
An  excess  of  ZnO  should  still  be  obsen-ed  in  the  bottncn  ««(  the 
flask.     Filter,  usinj;  a  Alter  aliout  five  inches  in  tliametrr 
wash  flask  and  precipitate  several  tinie?«  with  \y<  water       Tl 
tlie  washed  precipitate,  together  with  the  filter,  lack  in  the  dA%k 
and  add  a  sufficient  amount,  say  fifty  cc..  ol  dilute  <^aUurtc  alW 
(I  to  9).     Run  into  this  mixture,  from  a  burette,  what  t^  ■u«!ic^i 
to  l)e  an  excess  of  the  oxalic  acid  solution,  rememliennic  that  -or 
cc.  equals  a)>out  one  per  cent,  of  Mn.     Heat  the  mimture  t»»  U*c! 
ing  and  then,  if  necessary,  add  more  oxalic  acid  m»  j.^  to  cSr^t 
complete  solution  of  the  precipitate.     N<nr  dilute  «w>ewhAt  m^ti 
hot  water  and  titrate  the   excess  of  oxalic  acul    with   thr  ;vt 
manganate  solution.     The  numlier  of  cc.  of  oxalic  acul  jK-to^r.^ 
consumed  by  the  MnO,  is  thus  arrivetl  at.  fnmi  which  tbc  prr 
centage  of  manganese  is  then  calculateil      The  entire  aaal%<«£« 
nee<l    not   cxvupy    more    than   tH*enty    minuter      N<»or    n*   t^c 
ordinar>'  constituents  of  ores  interfere  with  the  metht«l  and  t2^ 
results obt a ine<l  are  ver>-  satisfactory. 

Of  course,  other  re<lucing  agents  can  In:  u^ctl  in  pUxx  *4  x'^ 
oxalic  acid  s«>lution.  When  the  latter  %%  not  at  hatul  j  mr:<br>: 
amount  of  the  double  sulfate  of  inm  an<l  ammontum  will  V  >  <^-»'. 
convenient. 


Ti:CHNICAL  KSTIMATIi>N  t>F  LHAI> 

h\    At  BkBT  II     t  ••« 

Provide  ihffv   wash  U>ttle%  omtatniiih;  ihr  hdVminic  m^-st-*-^^ 

IhstilU'tl  water,  or.  at  least,  chlonn  tree  water 

I>ilute  sulfuric  acid       One  part  C    I*   acul  to  nine  fhart^  i-^>^^ 
free  water. 

Chlorid  of    ammonium-       Make    a  saturate^l  «4utu«i  *<    tSr 
commerrial  ihlond  111  c«»miiH»n  water.  traiiMer  tht^  to  :hr  w4%> 
iMittle  as  ri*t|uiritl.  aiul  heat  to  l)oiliiih:  tor  u^r 

Treat  one  j^m.  ot  the  ore  in  a  o>vemI  (»nfiin  lirakrr  «v  i^*  *i* 
1^0  IV  caparitx  with  ten  cr  of  4  mixture  ctl  oi|uaI  {wi?t^  <**  «*;i 
pure  iiitru-  and  aiul  water  Heat  carrlullx  until  the  «*t  :%T<'r*r» 
well  deomiiMiM.'xl  and  then  add  ten  w  ot  pure  <f\>ni;  vulfurv   k-«x 
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and  heat  strongly  until  all  the  nitric  acid  is  expelled  and  the 
sulfuric  acid  is  boiling  freely.  This  is  best  done  over  a  small 
naked  flame,  taking  care  that  the  flame  does  not  touch  the 
beaker  above  the  liquid.  A  250  cc.  flask  has  some  advantages 
over  a  beaker  for  this  decomposition,  but  is  harder  to  wash  out 
subsequently.  Cool  and  add  ten  cc.  of  the  above  dilute  sulfuric 
acid.  Then  add  two  gms.  of  Rochelle  salt  roughly  weighed,  or 
even  guessed  at.  When  this  is  dissolved  add  forty  cc.  of  dis- 
tilled water  and  heat  to  boiling.  Allow  to  stand  and  settle  two 
minutes  and  then  filter  and  wash  with  the  dilute  sulfuric  acid. 
Now  spread  the  filter  out  carefully  on  a  watch-glass  and  wash 
the  contents  back  into  the  beaker  with  a  stream  of  the  boiling 
hot  chlorid  of  ammonium  solution.  Heat  the  beaker  again  until 
all  the  sulfate  of  lead  has  dissolved,  adding  more  chlorid  of 
ammonium  if  necessar>\  Again  filter,  receiving  the  filtrate  in  a 
clean  flask,  and  wash  the  filter  thoroughly  with  the  hot  chlorid 
solution.  Small  amounts  of  sulfate  of  lead  may  be  easily  dis- 
solved upon  the  original  filter,  \\nthout  removing  from  the  funnel, 
by  simply  washing  with  the  hot  chlorid  solution.  Place  in  the 
filtrate  three  pieces  of  sheet  aluminum,  each  about  one-sixteenth 
of  an  inch  thick  by  five-eighths  of  an  inch  wide  and  an  inch  and 
three-quarters  long.  The  aluminum  should  be  the  purest  ob- 
tainable, as  the  commercial  article  leaves  an  appreciable  residue 
of  silicon  on  dissolving.  Heat  the  contents  of  the  flask  to  boil- 
ing. If  the  bulk  of  the  filtrate  has  been  kept  down  to  75  or  100 
cc,  the  lead  will  be  completely  precipitated  with  five  minutes' 
boiling.  Remove  from  the  heat  and  shake  the  mixture  around 
to  collect  the  lead.  The  aluminum  should  appear  clean,  with 
but  little  lead  adhering  to  it.  Fill  the  flask  with  cold  water  and 
transfer  the  entire  contents  to  a  large  casserole.  Wash  the  lead 
twice  by  decantation,  and,  after  filling  up  the  casserole  the  third 
time,  remove  the  aluminum  with  the  hand,  rubbing  off  any 
adhering  lead  under  water.  Again  decant  and  then  rinse  the 
lead  into  a  small  porcelain  dish.  Pour  off  the  water  and,  with  an 
agate  pestle,  collect  the  lead  as  nearly  as  practicable  into  one  piece 
and  press  it  into  a  thin,  hard  sheet.  Wash  this  once  or  twice 
with  distilled  water  and  then  with  alcohol.  Dr>'  the  lead  care- 
fully, which  should  not  cause  any  oxidation  whatever,  and  then 
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brush  it  into  the  scale-pan  and  wei^h.  The  lead  i^  pri^-ticar.* 
free  from  silver,  gold,  copper,  antimony,  bismuth.  apM?nic.  etc  A 
deduction  of  three  per  cent,  is  a  fair  allowance  for  amvin>:  at  the 
fire  assay  of  a  pure  ore  of  the  same  jjratie.  A*  but  httlc  •*!  the 
aluminum  is  <lissolved.  the  same  pieces  may  lie  UMrtl  rc|iritni*% 

DHTKRMINATION  OF  THK  ALKALIKS  IN 

SIIJCATHS. 

The  followinjj  scheme  is  jjiveii  more  as  a  HU)C)5i*^tion  than  i*  i 
description  of  a  well-establishetl  methcHi.     The  author  had  «>^\  i 
sion  to  make  some  alkali  determinations  in  a  hurrx .    m:th<iut 
great  regard  to  extreme  ac*curacy.     J.  Lawrence  Smith  «k  mctS«l 
was  out  of  the  <|uestion  as  all  the  carUmate  of  calcium  at  his«i 
was  tcK)  impure  to  Ik.'  available.     A  cimsideralion  «»<  the  la^t  that 
in  the  author's  methcHl  !or  zinc.  (<le**cn!>eti  in  the  Sc|»C      i  ^•i 
numYnrr  of  this  Joiknal).  all  the  /inc  is  extracte«l  trt»m  a  drxxi 
resiilue  containing  the  sulistances  fnmi    which  tt  i*   •mltnar"'.^ 
difTicult  to  effect  a  gcKni  separaticm.  let!  to  the  idea  that  a  %:r:-U? 
scheme  might  lieassucix'vsfully  applied  tt»  thecal  •»!  the  alkal<^ 
The  following  methcKl  was  then    tieviMrtl  and  tno!  mtth  -^at* 
factory  results.     If  the  bulks  ol  the  various*  filtrates  etc     xtt  Ir-  * 
as  small  as  |M>ssil)lc.   and  the  ev.n«>ratums  o>ii«luitnl  m:th   ^  it 
over  direct   heal,   the  time  riMjuirctl  is  o»fisidrrabI\  Ic-vk  thir  ■  r 
Smith's  incthiHl. 

Treat  one  gm.  oi  the  finely  |w>%i<leretl  silicate  b\  maritunjc  wrr*.  « 
with  pure  strmig  hydn>f!u<»ric  aci«l  aiul  a  little  suliun^  av'<wi  r.  t 
itn>cc.  platinum  dish  until  dei^»in|>OHitinii  isoiniplete  F\  a;»<jtr 
to  dr>iiess  and  heat  until  the  tunics  «»t  suliunc  acid  ha\r  nri-  ^ 
iH.*ased  mining  off.  C<k»I.  and  a«ld  a  little  amnM»nia  «itrr  irfti 
Uiil.  See  that  a  gixnl  disiiitegration  isrtir\"tc»l  Filter  m  x^  -^ 
uilli  a  little  li«»t  water  Acidit\  the  filtrate  strnfig I \  mith  ::^  :-• 
chloric  acid  and  add  as  Miiall  an  excess  as  praituaSlr  '•!  *  >-j  *"s! 
t»(  barium  solution  Meat  to  ImiiIiii^  an«l  fdlrr  laash^r.*:  mr:>  S< 
water.  I\va|x»rale  the  filtrate  to  dr\nrxs  m  platinum  an*!  .<r  :f 
getitK  to  e\|K-l  ainni4»nium  vilts  C<«*1  add  a  littW  carS^eutr  € 
anunoniuni  and  anniioni.i  water  )m»i1  ami  filter  %ka%h:ni:  mtV  Se 
water       M\a|*(»rate  the  filtrate  tt>dr\nexs  lu  a  iAri|:h«sl  }Ca:-r»n 
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dish.     This  gives  the  combined  chlorids  which  are  separated  in 
the  usual  manner. 

As  the  author  had  but  little  time  to  investigate  as  to  the  accu- 
racy of  this  method  he  sent  a  description  to  Dr.  W.  F.  Hillebrand, 
of  the  U.  S.  Geological  Survey  at  Washington,  with  the  request 
that  it  be  compared  with  the  method  in  use.  Dr.  Hillebrand 
kindly  complied  and  sent  the  following  figures  as  the  results  of 
his  analyses  of  two  different  samples  of  rock : 

NO.  I.  NO.  II. 

Per  cent.  Per  cent. 

KgO.  Na,0.  K^O.  "  Na,0. 

Smith's  method,  1.95  4.09  0.32  3.53 

Low's  "  1.91  4.10  0.35  3.55 

Dr.  Hillebrand  suggests  that  his  results  by  Low*s  method 
may  be  a  trifle  high,  owing  to  the  presence  of  a  trace  of  potas- 
sium permanganate  in  his  hydrofluoric  acid,  and,  on  the  other 
hand,  a  trifle  low  from  the  retention  of  alkali  by  magnesia,  the 
two  errors  counterbalancing.  Pure  hydrofluoric  acid  is,  however, 
easily  obtained,  and  the  error  due  to  magnesia  might  possibly 

be  avoided   by  using  carbonate  of   ammonium  in  the  original 
extraction. 


NOTE  ON  THE  DETECTION  OF  CHLORINE, 

BROMINE,  AND  IODINE  IN  THE 

SAME  MIXTURE. 

By  Joseph  Torrey. 

I  read  Mr.  Kebler's  note  on  the  above  subject  in  the  October 
number  of  the  Journai,  with  much  interest.  The  problem  is  one 
of  the  most  difficult  in  qualitative  analysis.  For  an  experienced 
chemist  it  is  not  so  diflScult,  but  the  point  is  to  find  a  method  that 
can  be  used  by  students. 

The  object  of  this  note  is  to  describe  some  very  slight  modifi- 
cations of  Dr.  Hart's  method  which  in  my  experience  have  made 
it  a  little  more  convenient.  The  general  procedure  was  given  by 
Mr.  Kebler  and  need  not  be  repeated  here.  I  have  found  no 
occasion  to  modify  the  details  so  far  as  the  evolution  successively 
of  the  chlorine,  bromine,  and  iodine  is  concerned;  but  the  bulb 
tube  arrangement    figured  in  the  original  description,  and  the 
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tiiethcxls  (or  detecliiiR  the  haloj^ens  as  ihcy  ci>nic  oft    hj\r   **^-n 
mo<lifie<l  as  follows: 

Instead  of  the  bulb  apfmratus  originally  ck-^^nf^^il  I  um  i 
small  tulK'  having  one  small  bulb  blown  on  it.  the  tu>ir  V-rj^ 
Inrnt  slightly  away  from  the  |K*q>en<licular  atx»ut  hall  jt:  :r>  h 
alK>ve  where  it  leaves  the  cork.  AUne  the  bul>>  thrrr  '•hot;;.'  <• 
alxmt  half  an  inch  of  tul>e  left.  The  flask  o»ntaniin)i:  the  nr.\!-:-r 
to  l>e  analyzed  is  charge<l  with  ferric  nulphate  a*»  u^iul  aru!  :'^ 
iodine  evolveil :  a  small  pieix*  of  ntarch  pa|Krr  i^  hrlti  :n  thr  <c*-: 
as  it  emerges  from  the  tulnr  and  any  i<idine  '»|Kn.M|il\  %h«m<^  ::^ 
When  the  icKline  has  all  l>een  ex|Hrlletl  bv  Uiihng.  4^  will  **  m-^  •: 
by  the  negative  indication  of  the  starch  pa{»er.  a  i-f>stal  «•?  j-  ri'» 
sium  ]K*nnanganate  is  ad<le<l  and.  on  hcatnit*  the  bri»n::-:w  % 
evolve<l.  For  detei*ting  it  I  usi*  iotli/cti  starch  |u{»i*r  tn  the  vir<- 
way  as  starch  pa|)er  was  previously  usctl  ami  4n\  >-r»i::'.t!iK  » 
easily  detected.  The  Innling  is  ct>ntinuc«l  unld  all  bf^ni vx  • 
gone,  when  the  chlorine  is  <letectetl  as  usual 

The  only  |>oints  where  care  is  nei'i"s%;ir\  in  gi\tng  ih:*  ;*'«\%* 
to  students  are  the  following  ; 

I     Care  musi  l»v  taken  that  vir\  small  tpiantttu-s  ••:  *u^-<a-»', 
arc  usi-d       The  merest  trace  «»i  an\  oik- «»i  the  haI-»K*"-*  *^'-     • 
tlclectctl  with  «crt.iint>  and  l.iri;v  «|uaiititJes  «.t!l\   \%.i^tf  '.!•.*    . 
fill  ihi-  lalM>ralor\  \Mth  umk-sir.iMi-  lunu-s 

^     TIk-  Uiiliuj;  musi  Ik*  ii»nlJiuud  t:ll   ii»»  trair  ••:   *r*  '-.  -* 
Ik*    detected   lK*l«»ir   tesliiiv;    !o:   ihl«»r!!ir        The    *«':'."':^    r.  .%•     • 
ijuitc  brisk  nr  bromiiu*  wdl  Ik-  mi-\  h.ini*  allN   hrM  Sa.  W 

l-'ot   ililu  ac\ .   t.ipidit\.  and   tvrtaintx    1    h.iw   Mt  !-     :•.      • 
c«|ual  m!  iln^  pfiHi-ss.      With  a  Ti-aN<»nablf   am«'c.M:  .  •       i-.    • 
char;utrr  nl  tlu-  mixture  ispraititalb   nnniatiru!       Ir:  !*:  c 
nal  pa|Kr  u  ap|K-ari-d  lr«>m  the  published  rxjK-nn-cr:!*     ••    m 
I  Hiiiijw.M-  I  liad  .1  li.md  >  thai  a  largi-  «iuanl!t\  «»!>»:«•::. "vr  -   •-•*: 
llu-  iiwliiu   tisi        I  h.i\c    n«»l  l«Min»l  tlu-   x^inu*  rWo*   t     '^    ••--*•     • 
\\lu!i  llu   nI.iii  li  pajK  r  is  us*-^!  \%\  «ltti\t  tlu-  ii*!'iu 

Ihinii-^  tlu   i.ist  t\\«»  Nrarstii  tlu*  Si:::;i;u-!  S\*:«'!  -  !    \.  ' 
at  II  ir\.iTd  1  ni\«rsit\    I  h.i\i-  li.id  mam  ixj^rrritt:*  -.i  '.    •* 
miNtuir^  '•!   \iiN    \ar\iii;;   pTi«|-«rtionN  ,\iu\   *ta\%-   ?vi-.v*    \x'.    *  .- • 
^\lt^.  .in\   ^tjt  :.i\«'rtM«-  .ind  s  ;i:s:.ti  t«»?\   u-^u!?* 

U.i<  N\u'.w:u  !  -^'r.ii   \\«'rk   w.ih  il«»ni'  t^uaril  ^x-i:i»;    u; '.::<-  : ;  . 
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process  could  not  be  turned  to  account  quantitatively.  The  out- 
look was  encouraging  but  the  time  was  too  short  to  accomplish 
enough  to  make  it  certain.  I  hope  the  work  may  be  continued 
the  coming  summer. 

APPARATUS  FOR  THE  ESTIMATION  OF  FREE 

AND  ALBUMINOID  AMMONIA  IN 

WATER  ANALYSIS. 

By  Augustus  H.  Gill.  Ph.D. 

The  article  by  Mr.  Embry*  upon  this  same  subject,  has  induced 
me  to  describe  the  apparatus  for  these  determinations  in  use  in 
the  laboratory  for  water  analysis  of  the  Massachusetts  Institute 
of  Technology,  used  by  the  State  Board  of  Health. 

The  arrangement  will,  I 
think,  be  evident  from  the  ac- 
companying sketch.  The  ap- 
paratus consists  of  a  nearly 
spherical  flask  with  square 
shoulders,  of  850-900  cc.  ca- 
pacity, connected  by  a  bent 
glass  tube  and  '  *  cork  joint ' ' 
with  a  vertical  block  tin  con- 
denser. The  '  *  cork  joint  * '  is 
here  shown  in  section,  and 
consists  of  a  sound  cork  fitted 
at  one  end  with  the  condenser, 
and  at  the  other,  with  the 
glass  tube,  indicated  by  the 
cross  hatching,  which  enters 
the  former  for  about  an  inch 
and  a  half,  thus  avoiding  all 
contact  of  steam  with  the  cork, 
and  making  a  tight  and  dur- 
able connection;  the  flask  is 
closed  with  a  superfine  cork 
carr>'ing  the  bent  glass  tube. 

Scale  l>i  in.- 1  foot. 

The  condenser  is  the  usual  glass  jacket,  with  the  inside  tube 

♦The  Analyst.  17,  41. 


V^^ 


fejf=' 
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of  block  tin,  three  ounces  to  the  foot,  one-quarter  inch  internal 
diameter,  twenty-four  inches  long,  and  bent  at  the  top  for  the 
**cork  joint,'*  and  at  the  bottom  for  delivery  into  the  fifty  cc. 
graduated  flasks.*  The  lamps  used  are  ordinary  Bunsen  burners 
lengthened  by  inserting  a  piece  of  pipe  between  the  base  and  the 
burner  proper.  The  whole  apparatus  is  supported  by  the  ring 
and  clamp  upon  a  brass  rod  fixed  into  the  distilling  table.     This 


CORK   JOINT 

FtOl  SlM 

table  is  eighteen  feet  long,  two  feet  wide,  and  three  feet  high 
with  two  thirteen  inch  sinks  near  each  end ;  upon  it  are  arranged 
the  two  rows  of  brass  rods  five  inches  apart,  with  eighteen  inches 
between  each  rod,  thus  affording  space  for  fourteen  sets  of  appa- 
ratus, and  making  the  laboratory  equipmeht  capable  of  handling 
sixty  to  seventy  samples  per  day.  All  the  piping  is  underneath 
the  table,  the  rubber  tubing  passing  through  it,  one  set  of  tubing 
being  painted  black  to  distinguish  the  rows ;  each  condenser  and 
lamp  is  provided  with  its  own  stopcock,  or  the  whole  can  be 
turned  off  together. 

For  designating  the  number  of  the  water  analyzed,  slips  of 
ground  glass  are  placed  between  the  vertical  rods. 

The  apparatus  is  distilled  free  from  ammonia  before  each  deter- 
mination, and,  as  we  have  waters  that  show  neither  free  nor 
albuminoid  ammonia,  it  indicates  that  the  working  is  satisfactor^^ 

The  condensation,  even  in  the  hottest  weather,  is  absolutely 
perfect.     Spiral  condensers  of  glass  and  tin  have  been  used, but 

♦Flasks  are  here  used,  as  the  Nesslcr  tubes  are  inconvenient  to  manafj^e :  those  in 
use  hold  50  cc.  arc  S  inches  long  and  i  inch  internal  diameter,  admitting  of  the  reading 
of  o.oooooi  gm.  of  ammonia  with  absolute  certainty. 
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were  too  fragile  and  cumbersome  to  admit  of  their  continuance. 
With  this  arrangement  one  person  performs  fourteen  distil- 
lations simultaneously  in  about  an  hour,  the  work  all  being  done 
fromfone  side.  The  present  form  has  been  in  use  eighteen 
months,  during  which  time  about  5000  determinations  have  been 
made,  which  is  sufficient  proof  of  its  practicability. 


THE  WEST  AND  WESTERN  METHODS. 

By  Stuart  Croasdale. 

To  the  average  eastern  student  the  west  appears  as  a  kind  of 
financial  paradise  where  fortunes  are  rapidly  accumulated  and 
millionaires  are  the  product  of  a  few  years,  existence.  While 
this  is  true  to  a  certain  extent,  yet  those  who  come  with  that  idea 
in  their  minds  will  find  the  goddess  as  fickle  here  as  elsewhere, 
and  in  the  majority  of  cases  the  accumulation  of  wealth  means 
hard  work  and  close  application  to  business. 

Direct  information  and  a  few  practical  suggestions  from  a  chem- 
ist's standpoint  may  be  of  value  to  those  who  contemplate  com- 
ing west  and  it  is  such,  as  well  as  those  who  have  written 
me  personally,  that  the  following  pages  are  designed  to  answer. 

Care  has  been  taken  to  make  the  statements  and  methods  em- 
bodied therein  as  reliable  and  complete  as  possible  in  order  to 
give  the  student  opportunity  to  familiarize  himself  with  the  field 
before  entering  it.  It  is  not  the  purpose  of  the  author  to  discour- 
age immigration  to  the  west  but  to  produce  a  careful  considera- 
tion of  the  matter,  if  possible,  before  a  hasty  step  is  taken. 

The  first  thing  to  do  of  course  is  to  secure  a  position.  This 
is  no  easy  matter  for  an  eastern  man,  whether  it  be  applied  for 
while  in  the  east  or  after  coming  west.  Competition  in  this  line 
is  very  sharp,  for  the  supply  of  chemists  and  assayers  exceeds 
the  demand  almost  continually.  The  west  is  full  of  college  grad- 
uates from  all  quarters  of  the  globe.  In  the  early  days  Ameri- 
can students  were  almost  ignored  and  Frieberg  students  were  the 
ones  sought  for,  but  now  the  preference  is  given  to  the  graduates 
of  our  own  technical  schools  when  an  inexperienced  man  is 
employed. 
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Smelter  superintendents  and  mine  manaf;er%  hesitate  toctnplp-^ 
men  fresh  from  college,  because,  as  a  rule,  they  ha\x  hjd  r>» 
training  for  western  work.  This  is  not  so  much  the  fault  i4  the 
students  as  the  fault  of  their  instruction.  Aside  !n>m  a  t^^  ic^  h 
nical  schools  the  instniction  in  assaying  is  limitc<l  and  n$<  ^rv 
tical,  and  the  instruction  in  chemistr>'  is  not  bmad  en(»ugh  !«ct?:i 
confined  for  the  most  part  to  the  iron  imlustry.  What  m^T,\  .  i 
our  colleges  nee<l  is  a  practical  assayer  to  teach  asAAxsng;  ^rA 
give  a  short  course  in  technical  methods  of  anahsi^  anr?  the 
stmlent  has  Ik^cu  thoroughly  drilletl  in  the  nn»rc  dehcatr  j^^rt*  : 
chemical  manipulation. 

Outside  of  the  large  smelters  a  knowletige  of  a.via\tng  t*  i*i««- 
lutely  necessar>'.  This,  it  will  lie  seen,  brings  the  {*•%«*:•« 
vacancies  down  to  a  few  large  >*t>rks  in  Colorado  kx'atrd  at  As|^^ 
Denver,  I^*adville,  and  Pueblo;  at  Hutte,  Montana  ani!  in  a 
few  smelters  on  the  plains.  A  gooti  chemist  ha%tng  a  pM*^:^- ri 
in  a  large  plant  may  soon  ac<|uire  sufficient  kncmtrtlge  tn  «r< 
ern  work  to  take  a  |M>Hiiiim  anywhere. 

The  work  here  differs  to  simie  extent   innn  that  u*ua"\    'r 
quire<l  in  the  east,  ami  with  a  lew  exce|Hions  the  itH^th**!*  u^  1 
are  much  more  rapid.     Time  is  an   tm|Hirtant  tac^tof   tn  jll  tlr  r- 
minations     N'ohimelric  metluxls  .ire  used  uhrnc\rr  thr^  xtr  :  'i. 
ticahle.      Separate  sample^  are  ueij^hetl  «uit  t«»r  ncart\  r\rr\    ic^r- 
mination  so  ilial  as  inanv  a^  |»oK%il>Ie  max  l»c  <artoi  at  ••?vt     T* 
grains,  one  ^ram.  or  *Mie  hall  gram,  a^  the  \  j^c  n\x\  rr«ju'.rr    i-r 
taken  tor  anal>si>  to  av<»id  unne\x*sNar\  caU'UiJti«»n       StA^iii'  - 
v)hitions  .ire  made  M>  that  tine  IV        one  |«cf  irnt    «t    «  ^  jirr    -    : 
All   these  thin^^s.  though  small  in  tlieniscKrs.  itican  j  ki^  ?*.<-•. 
solving  of  tune  \%hen  a  large  nuin)>er  oi  determtnjitH*n^  xrv  !       v 
made 

T!ie  \\«»rk  xaneswiMi  the  metjllurgieal  pn^^r^'*  'r  v.^  !• 
consiHt-  of  the  as>;i\  and  o»mpIete  or  partsai  atuil\s2%  %*•  t:  *  •!* 
mater laN  and  the  nietallurgual  prmhuts 

The  taw  materials  <-otisiNt  «>:  siluious.  i-4lrarr«»u*  ^rvl  *a'-  "  . 
ores  as  >\i-n  a*^  pxrites  and  tixidi/ol  iron  ami  n;an^ar^-«c  >  ^t « 
earrxiiiv:  v:'»ld    siKer    leatl    and  o»|»|H'r 

The  determinations  tt»  l»e  ma^ie  ttwSude  the  js^«\s  sif  ^^*i^\    *• 
vei.  WmI   and  copi^-r  and  the  \%ct  determination^  Kir  jcMi   v\^^<- 
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silica,  barium  sulfate,  lime,   magnesia,  iron,   zinc,   manganese, 
sulfur,  arsenic,  and  antimony. 

The  metallurgical  products  consist  of  gold,  silver,  and  lead 
bullion ;  sulfids,  and  lead  carbonate  precipitates  from  leaching 
works ;  copper  and  iron  mattes,  slag,  and  flue  dust.  The  principal 
determinations  to  be  made  on  these,  besides  the  assays,  are 
lead,  copper,  and  sulfur  on  all  but  the  last  two.  The  analysis 
of  the  last  tw^o  will  be  governed  by  the  constituents  in  the  furnace 
charge. 

Besides  the  above  there  are  numerous  determinations  to  be 
made  on  the  by-products  that  are  constantly  forming  around 
leaching  and  amalgamation  mills  or  a  smelter ;  also  analyses  of 
salt,  funiace  gas,  coal,  crude  sulfur,  water,  and  occasionally 
qualitative  tests  and  quantitative  determinations  on  ore  samples 
for  platinum,  tin,  bismuth,  and  other  unexpected  metals. 
Western  ores  seem  to  contain  nearly  everything. 

The  methods  used  for  the  above  determinations  will  be  given 
in  subsequent  pages.  The  hours  for  work  in  a  western  labora- 
tory are  usually  from  8  A.  M.  to  4  P.  M.  Samples  brought  in 
after  2  P.  M.  are  not  started  until  the  next  morning  unless  they 
are  of  special  importance.  Every-thing  is  done  systematically ; 
routine  work  usually  occupies  the  moaning  and  extra  work  is 
finished  after  that.  When  the  work  is  done  the  chemist  is  free. 
Some  companies  require  a  full  day,  from  8A.  M.  to6P.  M., 
whether  there  be  much  or  little  to  do. 

Sunday  work  is  universal,  but  in  most  places  it  is  made  as 
light  as  possible  and  can  be  finished  b}'  noon.  In  others  it 
is  the  same  as  any  other  day. 

In  this,  as  well  as  in  other  parts  of  the  country,  the  salaries 
are  governed  by  two  things, — the  cost  of  li\nng  and  the  law  of 
supply  and  demand.  The  ratio  between  the  tw^o  is  such  that 
there  is  not  much  chance  for  the  accumulation  of  wealth  on  an 
ordinary  salary  alone,  whether  that  salary  be  earned  in  the  east 
or  in  the  west.  Especially  is  this  the  ca.se  with  a  married  man,  for, 
besides  having  his  family  to  support  he  cannot  afford  to  leave 
one  position  to  take  another  apparently  more  lucrative  and 
run  the  risk  of  losing  both.  A  single  man  can  often  take  these 
chances,  and  even  if  he  does  not  come  out  successfully  he  can 
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easily  take  care  of  himself  until  another  position  i^  open  hft  hta 
The  regular  salar>'  in  Aspen  for  a  chemist  and  x<Mayer  t%  )x  o 
a  month.  Assistants,  and  assayers  who  ha\'e  leametl  the  tnti^nr^ 
from  a  position  as  ** helper**  in  an  asway  office  recenc  ft:^  a 
month.  Chief  chemists  and  assayers  having  complete  charirr  '4 
the  assay  office  and  lalx)rator>'  recei\'e  $175  to  $^m>  a  mmth 

Board  and  lodging  at  a  private  house  i%  J^o  a  nwmth  Ta^'> 
board  is  S8  a  week,  although  in  a  few  place^i  it  ma%  W  ha*!  ^r 
$6.     Punii.shed  rooms  are  $10  to  $15  a  month. 

Perhaiw  com|>aring  these  with  eastern  prices  will  ^hcm  n>  4^ 
than  anything  else. 

KASTKRN    PK!«!<5VLV\M% 

I  a  monthn*  taUry  at  f6o. |*»* 

$2  wrckfi*  tioMnl  an«l  lotlxinK  at  |S J^-^ 


lUlancr 

12  nionth<i*  ««Ury  at  li^o |:#v 

12  nintithn*  iMNinl  ami  hMl^inK  at  f^^ 4^' 

Halnnrr |:  l»- 

Fnmi  each  of  the  aUn-e  statenurnt^  mu<4  l>e  detiutto!  tr.  ^  v«' 
Mr  samr  ratio,   the  cost  of    clothes,   laundry     ami    itK-v!crtA-» 
Sintx'  ihfse  will  vary  with  differvnl  |HTs«i»n^  the  rrniain»lc?  «*r  :  .- 
calculation  must  Inr  left  for  the  reader       In  all  pn»f*jiK!':t\  :><-r 
will  ^till  Ih.*  n  Y>alamx*  in  favor  of  the  weM 

The  siilariesin  Leadville.  C<»lorad«r  antl  m  Butte  M»»ntjnA  iv 
practically  the  same  as  those  just  nietitionnl  lahilc  tSc  x^*C 
living  is  siMuewhat  less  In  iK-nver  jn«l  l*urM«»  CoU»fi.i  ■  *-. : 
farther  east  <»n  the  plains,  the  living;  e\jHrii'«rs  jre  5;^  V-  J;  s 
month  less  and  the  salaries  are  o^rresjumilin^jlx  tSccrrA^r*!  Z^f 
alM>ve  cities  indmle  the  pnncipal  mining  and  %nK'htn|C  orrt'T-^  * 
this  section  of  the  i^nintrv  and  the  salane^  are  j*nirtK  j*. .  r>r 
sanie  in  smaller  ramps 

.\s  lH*tore  statetl  the  ess^-ntial  feature  m  a  i'hrni!<  %  k!*-»!o:,r 
for  wesiiTii  \\«»rk  is  that  o!  as'>^i\Hi^ 

Vss  WIN*. 

This  snliiei't  t\itin<*t  l»e  nn»re  lull\  tles^-nlir\l  than  hA%  '^rr   y  oc 
in  Mui  U-sl  li  \t   inwiks    l>nt  there  are  man>    SiltU-  }»»tut%  .<-  "tc-n 
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perature,  etc.,  that  are  of  the  highest  importance,  and  yet  the  only 
way  to  learn  them  is  to  see  the  actual  working  of  a  furnace.  The 
difference  between  an  assay  run  in  a  '  *  hot  * '  furnace  and  one  run 
in  a  **cold*'  furnace  may  be  several  ounces  of  silver  to  the  ton, 
and  3^et  in  spite  of  the  fact  that  the  proper  temperature  is  described 
in  the  text  books  how  many  students  or  inexperienced  instruc- 
tors will  get  it  right  ? 

The  fluxing  of  ores  will  vary  somewhat  with  the  different 
mining  camps.  In  most  cases  a  plain  scorification  is  used  for  all 
*  *  control  * '  work  and  specimen  assays,  while  in  some  places  it  is 
customary  to  use  the  crucible   assay,  especially  for  the  latter. 

Perhaps  the  most  troublesome  ores  in  the  United  States  to 
assay  and  analyze  are  the  silver  ores  from  Aspen.  The  gangue 
may  be  either  limestone,  dolomite,  baryta,  or  silica,  carrying  lead, 
zinc,  iron,  and  copper,  wholly  or  partially  combined  as  sulfid. 
Such  ores  not  only  necessitate  a  large  number  of  wet  determina- 
tions to  make  the  proper  ore  mixtures,  but  even  the  scorification 
assay  requires  extra  flux  to  get  all  the  silver  present. 

Besides  the  assay  of  all  the  ore  bought,  there  is  considerable 
work  to  do  vnth  the  furnace  and  mill  products.  Tailings,  slags, 
and  other  low  grade  material  are  assayed  in  crucibles  using  one- 
half  assay  ton  for  each  assay,  while  the  salable  products  are  made 
by  scorification,  the  loss  of  silver  in  the  slag  and  cupel  being 
determined  by  an  assay  of  the  same  or  by  running  a  check  assay 
with  the  original. 

The  number  of  assays  made  in  a  day  will  vary,  of  course,  as  the 
samples  are  received.  All  things  being  favorable  125  to  150 
assays  are  considered  a  day's  work  for  one  man. 

THE    CHEMICAL   WORK. 

Many  of  our  western  cities  have  omitted  the  gas  epoch  and  start 
wnth  electric  light  plants,  so  that  a  convenient  form  of  fuel  for  the 
laboratory  is  not  available  even  if  the  smelter  or  mill  is  fortunate 
enough  to  be  located  wthin  reach  of  the  city  luxuries.  Isolated 
gas  plants  are  expensive  to  build  and  keep  running  in  many 
parts  of  the  west.  Consequently  a  cook  stove  or  a  brick  sand- 
bath  heated  with  coal  or  wood,  or  an  iron  plate  heated  with  oil 
stoves,  sen^e  for  all  evaporations.     Alcohol  lamps  are  used  for 


• 
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glass  blowing,  etc..  and  since  the  assay  furnace  u«^uall>  |»mx»Jc^ 
or  at  least  accompanies  the  lalx>rator>\  all  fuMon^  ami  i|:nit>-&« 
are  made  in  the  muffle.     Fusions  are  nuide  in  platinum       \^t.\ 
tions  are  made  in  porcelain  crucibles,  annealing  cui»*.  or  ^^r. 
fiers,  and  the  resi<lue  is  bntshetl  out  carefully  and  m^i>:hr»!  *•> 
itself. 

The  methoils  usetl  for  the  various  detenninati«n«k  ma\  \w  l^'irt!^ 
de.scrilHTtl  as  follows  :  — 

Silica  and  liarium  Sulfatf. — The  ore  is  trratevl   with  *tn«i 
hydn)chloric  acid  or  a<|ua  regia  or  with  strong  nitnc  acid  anii   » 
few  drops  of  hy<lrcKhloric  acid  (if  it  is  a  sulfi«tK  ca afii*rTito!  !  • 
dnness.  taken  up  with  stnmg  hydnichloric  acid.  N»tlc«l.  ililutol 
filtereil.  washetl.  first  with  hot  water,  then  H-ith  a  httW  h»<  jmn»^ 
nium  acetate  to  remove  any  sulfate  of  lea«l  that  ma>    l"r  pnr^c« 
ami  fuially  with  hot  water,  after  which  it  in  ignitrtl  an«l  «rii;bc«! 
In  the  absi*nix*  of  barium  sulfate  this  iiiMilublc  re^due  i^^mc-^ 
under  tlie  name  of  silica.     If  sulfate  of  barium  i%  pnnctit  the  \\<x\ 
weight  is  noted  and  the  residue  is  fuscti  with  mtxol  c^rUicuSr^ 
in  a  platinum  crucible.     The  fusetl  ma^H  1^  then  «ligr^r*l  »t : 
hot  water  wliich  dis.solvrs  the  alkaliiH*  Mlu-atc^  Ica\ing  the  ^a- 
ium  <*arlN>nate  iiisolutde.    This  is  filteretl  off.  di'»!"«»Kf^l  m  h^^ir*- 
chloric  ai*id.   and  the  barium   reprivipilalctl  v^tth   miUutn    x,  -. 
TIk-  wfij^ht  of  the  barium  suliate  thus  pn»iiii*vxl  ^i\r^  the  :•  ' 
cenla^c  <»1  that  com|M>iind  in  the  ore  and  that  ^^ri^^ht  •»::*<: i  •<•' 
Imm  till-  total  wri^ht  pn-vioush  obtaiiu^tl  gt\r^  thr  |i*-fiT-nt  »<c 
tlu*  silica 

In  sla^s  uslncl:  arc  chilU-d  b>    nK^Urn  HnultiT  piawt-  r     tSr 
silira  i^  di-li-rinincd  bv  tUMlmcnt  witli  h\dTiHhU»ru*  x<\k\  a'-  -r' 
the  usnal  manner      The  barium.  %\huh  in  thi^  i-a^-  »  **    •  r 
bincd  with  the  silua  and  ha^  pa^Mn!  into  dilution    nijk\  V    '.;•.«- 
mined  from  tlu*  tiltrati*  in  theunua)  manner,  or.  nx^re  o»ti\*rt  *t 
b\  adihn^  a  little  Nulturie  aiid  to  the  s^imple  K%htih  r%  :«•  fv  uv 
ftir  the  Iiine  <K tettnination  and  thrt>\%ing  the  lurium  .&*'«v.  «  'i 
the  Hilua       The  r<»ml»ineil  \%ti^ht   Ic^h  the  ^^eiijht  or  the  »       1 
previonslx  4»btained  will  v:i\e  tlie  anntunt  ot  !virium  ^ul:jtr      T"^  * 
is  ealeulate«l  to  \\,\K ) 

A.'/       Th:s  is  nsualU  determiiietl   in  the   filtrate  :r^*ri  tb*    r 
s«»luble  residue  111  oic*  «•!  ill  the  filtrate  ln»m  siliia  i«  Ca<*       K  <  - 
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the  permanganate  and  the  bichromate  methods  are  used  without 
any  modifications ;  the  latter  is  more  popular,  owing  to  its  greater 
rapidit>\ 

Lime. — A  separate  sample  of  the  ore  is  dissolved  in  hydro- 
chloric acid,  and  a  little  potassium  chlorate  is  added  to  oxidize 
the  iron.  The  solution  is  then  diluted,  and  the  insoluble  residue 
filtered  off ;  ammonia  is  added  to  the  filtrate  until  alkaline  and 
then  it  is  acidified  with  a  strong  solution  of  oxalic  acid ;  ammo- 
nia is  added  a  second  time  until  alkaline,  or  until  a  brown  color 
is  produced,  and  the  solution  is  again  acidified  with  oxalic  acid 
and  heated  to  boiling.  The  oxalate  of  lime  is  then  filtered  off 
and  washed  until  free  from  soluble  oxalates  and  oxalic  acid. 
The  filter  and  precipitate  are  placed  in  a  beaker  containing  hot 
dilute  sulfuric  acid  ( i  :  20)  and  the  solution  is  at  once  titrated 
with  standard  potassium  permanganate  solution  until  a  pink  color 
is  produced.  One  half  the  value  in  terms  of  iron  =  CaO.  To 
insure  good  results  the  iron  must  be  in  a  ferric  state  and  the 
oxalate  of  lime  must  be  thoroughly  washed.  With  these  pre- 
cautions it  is  not  difficult  to  get  closely  agp"eeing  results.  In  the 
presence  of  much  lead  the  iron  and  lead  are  precipitated  with 
ammonia  and  the  lime  is  precipitated  from  the  filtrate  with  ammo- 
nium oxalate  and  titrated  as  described  above. 

In  slags  the  original  solution  is  evaporated  to  dryness  to  sepa- 
rate the  silica  and  the  residue  is  taken  up  with  hydrochloric  acid. 
(If  barium  is  to  be  determined  a  few  drops  of  sulfuric  acid  are 
added  and  the  barium  sulfate  is  filtered  off  and  weighed  with  the 
silica.)  The  remainder  of  the  analysis  is  the  same  as  in  that 
used  for  ores. 

Some  chemists  prefer  to  ignite  the  oxalate  of  lime  precipitaet 
in  the  muffle,  but  it  requires  a  high  heat  and  is  not  so  satisfactory 
as  the  volumetric  method. 

Magnesia, — When  required,  the  determination  is  made  from 
the  alkaline  filtrate  of  a  lime  determination  in  the  usual  manner. 
Sometimes  the  process  is  shortened  by  weighing  out  a  new  sam- 
ple and  after  di.ssolving  in  hydrochloric  acid  and  oxidizing  with 
chlorate  of  potash,  the  iron  and  lime  are  precipitated  together  by 
means  of  ammonia  and  ammonium  oxalate  and  filtered  off.  The 
magnesia  is  then  determined  as  phosphate  in  the  filtrate. 
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Zinc, — Von  Schulz  and  Low's  method  i*  rtco|fnued  a*  tbr 
standard.  This  with  other  technical  methods  ha\-e  been  detcnbcd 
in  this  Journal*  as  well  as  in  the  /imgimrrrimg  mmd  ^/tmtm£ 
JournalA 

Lead, — Lead  in  ore  is  always  bought  and  ?v>ld  on  a  6rr  a%Aa« 
but  wet  assays  are  frequently  made.  None  of  the  wet  iiicthnai« 
however,  seem  to  meet  with  universal  approval.  altbouRh  a  ntto 
ber  have  l>ecn  proposed,  each  one  claiming  the  essential  iratorr^ 
— accuracy,  rapidity,  and  capacity  of  lieing  U!<cd  ter  all  Wad 
l)earing  products. 

The  method  most  commonlv  u.sed  is  the  bichromate  mrthi^^! 
The  ore  is  treated  with  nitric  acid  and  e\*a|)orate«l  down  miih  *o! 
furic  to  drive  of!  the  excess  of  nitric.    The  !ic>lutioQ  \%  thrti  dilotr«! 
and  the  in.solublc  residue  containing  sulfate  kA  lead  t«  ^Sirrrd 
of!  and  digested  in  hot  ammonium  acetate.     This  dt^M>)%e^  y^ 
sulfate  of  lead  and  after  diluting  it  is  titrated  with  a  ^atnlArd 
solution  of  pota.ssium  bichnmiate.     The  end  reactum  i«  drtrr 
mined  by  bringing  a  drop  of  the  solution  in  c«»ntact  with  a  df^^ 
of  neutral  silver  nitrate  solution  <»n  a  |w»r\xlain  plate,  or  bcttrf  •  e 
filter  pa|K*r.     A  re<l  coloration  shi>ws  cxixv%  of  bichrtmiate      I?: 
stead    of  cx>nverting    the  lead    into  sulfate   the  nitrate    ma^    V 
iK'Utrnli/ed  with  aninumia  or  carlM>natr  of  ammonia   ruvT"««     c 
MMliuin  atxlate  added,  and  the  solution  ntralctla^alM»\cdr^r*  V«t 
(With  low  leads  this  iiietluNl  ^vill  !>e  from  one  lt»  thrre  I'cr  ixn,! 
higher  than  the  fire  assay,  but  with  hi>:h  leads  it  dt^rs  n»<  v>-c=ic 
up  to  the  fire  avia> . )     Another  inethotl  ixmMst%  in  prr\-tp:tji:-'i 
the  lead  as  rarlM»nale.  <liss<)lving  in  a  nieasurvtl  quant:!^  «*?  r»  *• 
mal  nitric  aiitl.  adding  neutral  sulfate  of  siMa  solutum  an^l  t'tn: 
ing  the  excess  of  acid  by  standard  alkali  snIutHm       Tbc  V^! 
solution  shouUl  Inr  free  from  other  metals 

.\niong  ihc  other  methods  %ihich  mav  t»e  mrntHitieil  are  \  ^« 
Schul/  and  Low  h.J  now  usrtl  by  the  rmtia    I«ead  Co     m  mhx  ?: 
the  li-ail  sulfate  is  div%olvetl  in  anunoinum  chl«»nd  Jtv!  rT-;<Ts'.;t 
tated  Itv  aluniinuin  ioil  as  inetallic  li*a«l  aiul  is  wrtichcx!  as  %ux  h 
Knight's  i  method  in  \%hich  the  lead  is  thrxmn  «Kmn  as  an  ^  %a 
late    and    titrated    <  like    lime  1   with    fMktasmum    (irrmancas.A:r 

••♦'*■*       •  *•  •  ■* 

I  I  !it»  Jo>(  ft'%  41     t.  '  ;> 
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Hawkins'  bichromate  method,  in  which  the  standard  bichromate 
solution  is  added  in  excess.  A  measured  quantity  of  standard 
ferrous  ammonium  sulfate  is  then  added,  and  the  excess  of  the 
latter  is  titrated  back  with  bichromate,  using  potassium  ferri- 
cyanid  as  an  indicator;  and  Gallaher's  method,  in  which  the 
sulfate  of  lead  is  digested  with  strong  sodium  carbonate  solution, 
and  the  precipitated  carbonate,  after  washing,  is  dissolved  in 
acetic  acid  and  titrated  with  standard  potassium  ferrocyanid 
solution,  using  uranium  acetate  for  an  indicator  as  in  zinc  deter- 
minations. Still  another  method  has  been  suggested  but  so  far 
the  details  have  not  been  worked  out.  It  consists  in  dissolving 
the  sulfate  of  lead  in  sodium  thiosulfate  and  titrating  with  stan- 
dard sodium  carbonate  solution,  using  methyl  orange  as  an  in- 
dicator.    In  presence  of  lime  this  method  is  not  available. 

Copper. — The  cyanid  method  is  used  for  ordinary'  work.  The 
battery  assay  is  used  a  great  deal  among  the  copper  works  in 
Butte,  Montana,  in  connection  wnth  the  cyanid  method.  The 
two  may  be  made  to  check  very  closely  by  using  the  Swedish 
method  in  connection  with  the  latter,  /.  r. ,  precipitate  the  copper 
with  metallic  zinc  and  then  redissolve  and  titrate  with  potassium 
cyanid  solution.  In  copper  works  where  a  number  of  matte  sam- 
ples are  to  be  assayed  for  copper  each  day  by  the  cyanid  method 
a  check  sample  is  made  up  ^^^th  a  weighed  amount  of  copper 
and  iron  that  corresponds  closely  with  the  copper  and  iron  in  the 
matte,  and  this  is  titrated  with  the  matte  samples  so  the  cyanid 
solution  is  restandardized  each  day. 

Manganese. — lies'  method*  is  the  one  in  general  use.  The 
ore  or  slag  is  treated  in  a  casserole  with  concentrated  hydro- 
chloric acid  until  decomposed.  A  little  nitric  acid  or  chlorate 
of  potash  is  added  to  oxidize  the  iron  and  the  solution  evaporated 
with  sulfuric  acid  until  all  the  hydrochloric  acid  is  driven  off. 
The  solution  is  then  diluted  to  150  cc.  and  boiled.  An  emulsion 
of  zinc  oxid  (ZnO  and  water)  is  added  in  large  excess  which 
precipitates  the  iron.  This  precipitate  is  filtered  off  and  washed, 
the  filtrate  heated  to  boiling  and  titrated  with  standard  perman- 
ganate solution.  Instead  of  filtering  off  the  precipitate  of  iron 
and  excess  of  zinc  oxid  the  solution  may  be  made  up  to  500  cc. 

♦  Eugineering  and  Mining  Journal.  March  6.  1886. 
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and  loo  cc.  taken  for  analysis.     The  value  ol  the  firnnaniear.jtr 
solution  in  iron  multiplieci  by  0.2946  r-  Mn. 

SNif'ur, — For  ores  and  sulfids  the  "acid  "  nu-thntl  1%  pfvtm*»ic 
although  fusion  with  |M>tassiuni  nitrate  and  Midtum  i^rU>ru:r  :• 
used  by  some  chenii.sts :  but  this  method  jcivirHhijch  result*  •»«t:^ 
to  the  formation  of  barium  nitrate  which  i<%  not  mtitU  «uu*-^  --: 
water. 

The  on*  or  sulfid  is  mixed  with  a  little  chlorate  ot  |«iCA«h  :**.  j 
cassen>le.  and  alter  placing:  in  t't)ld  water  or  Mwrn    <n>ti|C  r.-tr' 
acid  is  adde<l  and  the  action  is  allowetl  to  priKx^nl  ^rwl^  u-t 
.solution  and  oxidation  is  complete.     Instead  oi  chl«»ralr  ot  ;•<!%:-: 
|M>ta.s.sium  bromid  is  scmietimes  usctl.     For  ore^*  o>ntAinir.«;  -  •^-: 
a  small  amount  of  sulfid.  nitric  acid  alone  i^*  ««ufficicta 

When  action  is  complete  the  solution  i^  evaporatcti  t«»  drx=*-*« 
to  drive  off  the  excevs  of  nitric  acid,  the  residue  taken  «;.  »  ti 
hydn>chloric  acid,  the  solution  dilutetl.    the  m^ilublc    rr^  .:  «r 
filtered  off.  and  the  sulfur  determine*!  in  the  tiltratr  a^  u^uaI 
means  of  barium  chlorid. 

lies'  method  for  sulfur  in  sla^s  i>  i^iven  a^  t<»K<  %i%  t>r.r  «r  \^\. 
}k; rams  of  finely  pulveri/etl  sla^;  is  lusctl  in  a  stUrr  irm^Mr  m  *i 
twenty -five  };rams  of  caustic  |Mitash  li»r  t'\riit\  minutr*  7  -t 
tiisi'd  mass  in  allo\vi*<l  to  oml.  then  dt^si»Krt|  in  w.itrr  i---  :  = 
oxids  ot  iron.  etc..  aic  filUTiMl  ott  Thirt*  citbi^-  iTV-t  ">rf-* 
bnuuin  water  is  a«ltlctl  l<»  \\\v  filtr.itc  .in.|  the  ^•lu5^»tl  :*  a.  ■  .  •  f 
with  hvdpKhloric  aii*!.  iMtilni  !•»  dri\r  ••!!  thv  t  \i  t '^^  ■■:  *  r'  - 
filti-rctl  it  iu*rvsvir>  .  an«l  the  suJiiir  is  prrt  ipit.itrd  n:  :':c  :.  v-"* 
as  Usual  )»\  mrans  oi  barium  chlorid 

.//w«/i       IVariv's  mithiHl  asdi-M-ri)<-iI  III   Stitto-i  %  i.^nw     • 
.  /;/ii/i  Ms  Is  (-oiisidi-red  as  reli.ibit'  as  an\        lnstr.iil  •«!  'jcurra.  ;  -4 
the  tiitru*  acid  Mihitioii  with  ainmonta    purv  /itu- «*\:ti  >i'..-'     - 
e\rf*s  has   litt-ii   found   t«»   Ik*   r«|iia!t\   as    j;««^l    jn«l    r  •.:.  V    :  •  . -, 
roiiwiiunt 

An«ith(-i  tiU't)i«Nl.  b\  Mi-vsfs    \\    \    ami  I    I>   Hjtt4.'.::s    :%  ^     -■  - 
as   tollows      Triat   the  sample  with   nttiii    a*  t»!      :!   ilr\^r:«-^v 
e\.i|Mirate  iiearU  to  «tr\  ties*,  and  then  e\  j|"»Ta:v  ••rur  ut*-.  .  ^ 
ihli'Tu    a*  III  to  ilf«»tTo\  the  ir.tne       Take  up  \\\\\\  h\ii*»»    .-r^ 
<iilute    inakv  stioUich  alkaline  with  laustu-  ^«Ij    and  \tx^   ;   'ir 
witli  h\dti*>;en  <«ulliil      Tin**  [tieeipitates  the   V.c .4\  \   n.<ti.«     'i  - 
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ing  the  arsenic  and  antinionj^  in  solution.  The  latter  seldom 
occurs  and  no  attention  is  paid  to  it.  Filter,  wash,  and  deconi-' 
pose  the  filtrate  with  sulfuric  acid.  Allow  to  stand  several  hours 
and  then  filter  off  the  precipitated  sulfid  of  arsenic.  Dissolve  in 
hot  nitric  acid  or  hydrochloric  acid  and  potassium  chlorate  and 
evaporate  to  small  bulk.  Dilute  and  add  magnesium  mixture 
and  ammonia  until  strongly  ammoniacal.  Allow  to  stand  twelve 
hours  and  filter  off  the  magnesium  ammonium  arsenate.  Wash 
with  fifteen  per  cent,  ammonia  water,  dissolve  precipitate  off  the 
filter  with  dilute  nitric  acid  ( i  :  i )  allowing  the  solution  and 
washings  to  run  into  a  platinum  crucible.  Evaporate  to  dr\'ness, 
ignite  and  weigh  as  Mg^As^O,.  If  the  precipitate  is  ignited  with 
the  filter  the  arsenate  is  reduced  and  arsenic  is  volatilized. 

If  the  substance  is  only  partially  decomposed  treat  the  soluble 
part  as  described  until  the  sulfid  of  arsenic  is  precipitated  by 
sulfuric  acid.  Fu.se  the  insoluble  portion  with  six  or  eight  times 
its  weight  of  equal  parts  of  sulfur  and  sodium  carbonate  at  a  low 
heal  for  twenty  minutes  to  one-half  an  hour.  Disintegrate  in 
hot  water  and  filter.  Add  sulfuric  acid  to  the  filtrate  to  precipi- 
tate the  sulfid  of  arsenic,  filter,  combine  this  precipitate  with  the 
one  previously  obtained  and  proceed  as  before. 

Antimony. — This  determination  is  seldom  required  in  ordinar>' 
work.  The  reader  is  referred  to  Crooke's  Siicct  Methods  for  a 
method  of  analysis. 

The  foregoing  methods  will  cover  all  the  analyses  required  in 
ordinary  work.  Special  determinations  must  be  obtained  from 
the  text  books  and  periodicals  as  they  are  needed. 

In  conclusion  the  author  would  suggest  to  those  who  wish  to 
come  west  and  succeed  in  the  chemical  profession, 

Firsts  That  they  become  thoroughly  posted  in  inorganic 
chemistry,  and  also  in  qualitative  as  well  as  in  quantitative 
analysis.  While  the  methods  just  described  will  answer  for  rou- 
tine work  yet  there  are  frequently  cases  in  which  the  chemist 
must  modify  his  work  a  little  or  make  the  determination  in  a 
different  way  as  his  judgment  may  dictate.  A  perfect  knowl- 
edge of  qualitative  analysis  will  frequently  help  in  quantitative 
determinations : 

Second,     That  they  come  prepared  to  work  hard  and  steadily 
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and  be  ready  to  take  hold  of  anything  in  case  they  lail  to  ^crisrt 
a  position  at  once,  or  in  case  they  are  siudclenly  thrown  oot  ol  a 
position  already  obtained. 

Lazy  and  incompetent  men  need  not  come.  Kmplo\er«  hair 
no  use  for  them.  With  no  one  to  recomnieml  them  thci  m^.I 
find  positions  exceedingly  hard  to  get.  and  at  the  ^amc  time  thc^ 
will  find  the  west  a  poor  place  to  li\-e  in  under  those  circum^atvr^ 
Competent  men  who  are  willing  to  work,  and  study  mtth  thct: 
work,  will  find  the  west  a  good  field  with  excellent  (fppnctuo:t:c^ 
for  advancement  after  a  few  years'  exfieriemx. 

A»rKM.  CoMiMAlMi.  nitCICMIIIca.   I%«J 

THK  VOLrMKTRIC  ESTIMATION  OF  ZINC  * 

The  Coloni<lo  Si'icntific  Society  outlineti  a  plan.  «>mr  t?=ar 
ago.  of  endeavoring  to  establish  a  unil(innit\  tn  the  tcvhn:v  t^ 
methods  of  analysis  in  the  west.  For  it^  first  efi«*n.  a  o«mm:rrT 
of  several  chemists  was  ap|M)inte«i  t«  investigate  the  rarth«»t*  >  r 
the  detennination  of  zinc  in  c^res.  and  their  rrj»»n  wa**  |»rr^rt:tni 
to  the  S^K'iely  in  June.  |H4^2.^ 

The  ores  submitted  were  inmx  widelv  ^urateil  ••»i-A!:t:c^    ri 
Coloratlo;  they  were  mixlu^e^  ol  >:alenite    pxnte    ai^l  ^>hA'.-c-!c 
acouiipanied  by  greater  <»r  Icnh  jH-fixMit.ij:e^  •»!  mAnijjir>r'*c   :r.  u:t 
lonii  o|  rb(M!«H-lirnsite.  aNMH-ialeti  uilh  .1  tpuri/i*^-  ^an^ue 

To  obtain  a  MandanI  ot  o»nipaii<<«in.  the  xaniplr'*  •»:  -^^t  *-* 
niitted  by  the  omunittee  were  anal\/i*tl  l»\   Mr    I.    i\    !!j4'-.* 
the  r.  S.  (Geological  Sur\e>       The  metht*l  t«»lio%iol  *»\  h:r:  m  i.» 
the  c(mventi<»nal  one  -  in  shc»rt.  as  ttiUous 

The  ore  was  e\tr.icte<l  with  a<jua  regia    ani)  the  ^»Iut*.  f.  ;  -t 
cipitated  Willi  lixdrogfii  sulful       In  the  tiitrjte  ln»m  !h:%  vfTV.. 
latiMti  the  iron   was  s<.'parati*tl   b\    priiipitatin^    tmur   a%    >av. 
aietate.  aiul  inue  witli   antnionia       In  the-M:   t';ttr4tr^    i'*  cr*  ••tr'-, 
and    ai'idulated    with  aixtti*  .icid     the  /iik-   w^^  p?Tx  t^^ttAtoi    i« 
sulful.  (Iwsiilvetl   privipitated  as  i  arUiuate    and  wcii^hol  1*     \  -i 

Sexeral  thenusts  «»t  metallurgical  w*»rks  :n  C»»i«*rA%5'  tr^  jc 
anal\s4-^i»t  tlu-  dimples   an«l  their  methods  ainl  rtsu^ls  arc  ^wx*    z 

*  I  hi*   :    .iMLA      ft    •«« 
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the  report.  They  were,  however,  essentially  like,  or  modifications 
of,  the  method  of  Messrs.  von  Schulz  and  Low,  which  received 
the  approval  of  the  committee.  The  operation  is  as  follows: 
**  Prepare  a  solution  of  potassium  ferrocyanid  by  dissohnng 
forty-four  g^ams  of  the  pure  salt  in  distilled  water  and  diluting 
to  one  liter.     Standardize  as  follows  : 

*  *  Dissolve  exactly  200  milligrams  of  pure  oxid  of  zinc  in  a 
beaker  in  ten  cc.  of  strong,  pure  hydrochloric  acid.  Now  add 
seven  grains  of  C.  P.  ammonium  chlorid  (the  commercial 
article  frequently  contains  a  little  copper) ,  and  about  100  cc.  of 
boiling-hot  water.  Titrate  the  clear  liquid  with  the  ferrocyanid 
solution  until  a  drop,  when  tested  on  a  porcelain  plate  with  a 
strong  aqueous  solution  of  uranium  acetate,  shows  a  brown  tinge. 
About  sixteen  cc.  of  ferrocyanid  will  be  required,  and  accordingly 
nearly  this  amount  may  be  run  in  rapidly  before  making  a  test, 
and  then  the  titration  finished  carefully  by  testing  after  each 
additional  drop  of  ferrocyanid.  As  soon  as  a  brown  tinge  is 
obtained,  note  the  reading  of  the  burette,  and  then  wait  a  minute 
or  two,  and  observe  if  one  or  more  of  the  previous  tests  do  not 
also  develop  a  brown  tinge.  Usually,  the  end  point  will  be  found 
to  have  been  passed  by  a  test  or  two,  and  the  proper  correction 
must  then  be  applied  to  the  burette  reading.  Finally,  make  a 
further  deduction  from  the  burette  reading  of  the  amount  of  ferro- 
cyanid necessary  to  produce  a  brown  tinge  under  the  same  con- 
ditions when  no  zinc  is  present.  This  correction  is  about  two 
drops,  or  0.14  cc. 

"200  mgms.  of  oxid  of  zinc  contain  160.4  tngms.  of  zinc,  and 
one  cc.  of  the  above  standardized  solution  will  equal  about  0.0 1 
grains  of  zinc,  or  about  one  per  cent,  when  one  gram  of  ore  is 
taken  for  assay. 

*  *  Prepare  the  following  solutions  for  the  assay  of  ores : 

'*  A  saturated  solution  of  potassium  chlorate  in  nitric  acid, 
made  by  shaking  an  excess  of  the  crystals  with  a  strong  pure 
acid  in  a  flask.     Keep  the  solution  in  an  open  flask. 

*'A  dilute  solution  of  ammonium  chlorid,  containing  about 
ten  grams  to  the  liter.     For  use,  heat  to  boiling  in  a  wash-bottle. 

**  A  wash-bottle  of  hot  water. 

**Take  exactly  one  gram  of  the  ore,  and  treat  with  twenty- 
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five  cc.  of  the  above  chlorate  solution.     I>o  not  covrr  the  ca« 
serole  at  first,  but  wann  >(ently  until  any  violent  action  t%  rt\rr  aoii 
greenish  vapors  have  ceased  to  come  off.     Then  c<»\rf  mth  a 
watch-glass  and  boil  rapidly  to  complete  dr>ne*<i.  hut  a\-«»u!  'nr? 
heating  and  baking.     A  drop  of  nitric  acid  adhering  to  the  v^*%rr 
does  no  harm.     Cool  sufficiently,  and  add  sc\'en  gram<^^>f  as3s»i> 
nium  chlorid.  fifteen   cc.  strong   ammonia  watrr.   an<l  turtit^ 
five  cc.  of  hot  water,     lioil  the  coverc<l  mixture  one  mmutr    zn»i 
then,  with  a  rublwr-tipiKHl  glass  rod  see  that  all  ^did  matter  ••« 
the  cover,  sides,  ami  !>ottom  of  the  casscnde  i«^  either  dt^^^Nr-i 
or  disintegrated.     Filter  into  a  Iwaker.  and  wa'^h  ^rxrTa!  t?=»r^ 
with  the  hot  ammonium  chlorid  solution.     A  blue  ci^<»m!  ^Itratr 
indicates  the  presence   of  cf»p|>er.     In  that  ca^.   add   t«r-st* 
five  cc.  of  stn>ng.  pure  hydrochloric  acitl  and  aN^ut  t«*rt\  c**— ♦ 
of  granulate<l  test -lead.     Stir  the  lead  aU»ut  in  the  licjkc?  urji-.l 
the  liquid  has  iK^ctmie  inrrfeclly  colorlexs.  ami  then  a  little  '*  -ic' 
to  make  sure  that  the  t^>|)i)er  is  all  prei^ipitatetl      The  ^Cut^c 
which  sh<mld  still  Ik*  <|uite  hot.  is  now  ready  jor  titrjli«>«       I? 
the  al>sciu*e  of  t"t>pjHrr.  the  test-lead  is«mittetl.  ami  «*nU  the   *  ^1 
adclod.      AU>ut  onc-ihirtl  o(  the  sidution  i^  mm   ^ct   a*'«ic    i-^! 
the  main  (Mirtion  is  titrateil  rapidly  with  the  l^rT«^."\  jinid  xir.z<  !^*r 
i*inl    |M>iiit    is    passc'd.    using   the   uranium    ind!C4ti»r    a*     ••   '.:< 
staiulardi/atif't)       Thr^n-alcr  pait  «►!  thv  ivM*r\ctl  pi»rt>*n    %  -*  -m 
addrd.  and  llu-  titration  oMitinuctl  with   morr  rau!!'*Ti  i;-:!  ;  !    - 
i-iul  iM»int   i>  a^ain    passitl.      Then   a«i«l    the    rvmai-i»lr*    ^;    Zt 
ri-sfivid  |M)rtiun.  and  finish  the  titration  i,irelur.\      ••ri!  -.i- 
b\    additions  oi  tw«>  drops  <»!  terr»H'\  anul  at   a  tiru        M  ikr    •- 
rettions    of    the    final    reading    <»1     the    burette    prixt^t^     »• 
standardi/ation 

■■(»ol«|.  silver,  lead.  tx»p|KT.  imn.  mangancM:   jn.l  the  '-•'!  -  i*-. 
o»nstiluents    <»f    ores    tlo  not   interfere   uith  the    a*»»\r   *»  ^r — *.- 
Ca«lniinni  l>eha\es  like  /iiic  ;    uhen  known  to  tie  prr'^cn?    :t  -.1 
Ik*  reinove«l.  tov»elher  with   the  iop|ier    b\    the  pn»|K'r  tm!r:ie-r 
with  li\dfi»^eii  siiltitt     ami  the  titration  for /im  inj\  ^ir  rti^'.c  r:«  f 
the  pTojKT  ari«tttied  filtrate,  without  the  reniina!  o!  the  tx.r-s* 
)^as       There  s<-rnis  in  \tc  no  •simpler  wa\  oj  rrtnoxtni:   .  i  i— .  . -^ 

Ni»tes  «ii)  tile  aU»\e  m  luine 

Ai  Ills  ilestr«»\  the  ilehi\u-\  «»f  the  uranium  test    ir.^1   %?::.* 
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reason  a  strong  aqueous  solution  of  uranium  acetate  is  used.  By 
having  the  zinc  solution  only  faintly  acid,  the  production  of  the 
brown  color  of  the  end  test  becomes  almost  instantaneous,  and 
no  previous  test  will  develop  a  color.  Under  these  conditions, 
however,  lead  is  apt  to  seriously  interfere,  and  the  excess  of  acid 
recommended  above  is  found  to  be  a  necessity.  When  a  strong 
solution  of  uranium  acetate,  not  acidified,  is  used  as  an  indicator, 
the  error  caused  by  the  excess  of  acid  in  the  zinc  solution 
amounts  to  only  two  drops  of  ferrocyanid,  which  may  be  allowed 
for,  and  the  brown  tinge  develops  so  rapidly  that  the  end  point 
is  seldom  passed  by  more  than  one  test. 

'  *  When  an  ore  contains  but  little  copper,  the  granulated  lead 
used  frequently  coheres  in  lumps  that  may  hold  zinc  solution. 
These  lumps  are  most  easily  broken  up  after  a  little  of  the  ferro- 
cyanid has  been  added.  They  appear  to  cause  no  appreciable 
error  in  the  work.  Of  course,  lead  shot  or  thin  sheet  lead  may 
be  used,  if  preferred,  and  it  may  be  cleaned  with  strong  nitric 
acid  and  used  repeatedly.  It  seems  simpler  and  more  satisfactory, 
however,  to  use  the  granulated  lead  and  throw  it  away  after  use. 

"  As  regards  the  use  of  nitric  acid,  it  is  found  that  the  addition 
of  one  cc.  of  the  strong  acid  to  the  boiling  hot  zinc  solution 
during  the  standardization  of  the  ferrocyanid,  makes  no  appre- 
ciable difference." 

The  ores  upon  which  these  experiments  were  made  were  all 
from  one  section  of  country,  and,  in  general,  were  ores  adapted  to 
lead  smelting.  It  seemed  advisable,  therefore,  to  try  the  method 
upon  ores  from  other  places  containing  associated  minerals  dif- 
ferent from  the  above.  The  Franklinite  and  Calamine  ores  are 
among  the  most  important  sources  of  zinc,  and  are  very  frequently 
dealt  with  in  the  metallurgy  of  that  metal.  Upon  such  ores 
most  of  the  experiments  were  made. 

The  solutions  were  prepared  as  directed,  with  the  exception 
that,  for  standardizing,  metallic  zinc  was  used  instead  of  the  oxid. 
The  standardizing  of  the  ferrocyanid  solution  presented  no  diffi- 
culty. If  the  solution  is  hot,  the  end-reaction  shows  promptly, 
but  the  amount  of  hydrochloric  acid  present  must  be  regulated 
with  some  care,  as  an  excess  over  that  used  at  the  time  of  stan- 
dardizing will  delay  the  end-reaction  in  titration  to  a  sensible 


*•  «• 
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degree.     The  practice  adoptetl  in  making  thci*  cxi^mrocnt*  »a* 
to  add  a  drop  or  two  of  methyl  orange  (though  other  tndiratcy^ 
will  answer  equally  well),  bring  the  iiolution  to  the  nratral  p^ntA 
and  then  add  a  known  excens  of  hvdnK*hk>ric  act*!.     The  oi** 
produce<l  !)y  the  indicator  in  no  wise  inlcrferr^  mith  the  rod 
reaction  during  titration.     By  ol>ser\ing  this  simple  pfrc*at>t« 
the   solutions   may   always  \>c  of  the  same  degree  oi   A«:xl:t^ 
insuring  jK^rfect  unift>nnity  in  the  appearance  of  the  end  rra».-t>»« 

At  times,  in  dissolving  the  ore.  all  the  pcHassium  chkicate  m\2 
not  l>e  decom|>oseil.  so  that,  when  the  solution  i«  made  acid 
hydnK'hloric  acid,  just  prior  to  titmtitm.  euchlorin  will  Iw  ^t 
When  using  an  indicator  to  determine  the  neutral  |HMOt.  il%  prr^ 
ence  is  manifested  by  its  bleaching  action  uj^m  the  owor       It  s% 
well.  then,  to  a<ld  a  few  drr>|>s  of  a  M>lution  of  an  alkahnr  %ol&tr 

To  lest  the  process,  a  Calamine  ore  ctmiaming  ttf>  v»  firf  *.x«: 
of  zinc  was  carefullv  treatetl  bv  the  aUne  de^Tilictl  iuctb«>«£ 
There  was  obtaincil  65.14  |Hrr  wnX  of  niw.  The  ive  i'i«lajnr«i 
but  little  manganese*.  an<l  the  precipitate  pnxlui^  b\  the  a'Vi: 
tion  of  the  extx'ss  of  ammcmia  ctmsisic*i  aInH>a  rntirrU  «•?  hrtT*^ 
hydrate.  The  residue  and  the  precipitate  Ha!%  trratr»l  aicain  •'ti 
the  chlorate  mixture,  the  solution  obtained  evaiw»ratrtl  t«»  dr^r 
an  excess  of  ammonia  a^ain  acUlc«l.  and  in  the  h!tratr  :?«  n:  ' 
precipitati<»u  was  (t»und  1  f».*  |K*r  ixiit  «»!  /inc  ruaktnic  1  :<<* 
(><>;<»  JKT  cent.  The  ex|HTinient  was  ie|K*atcil  t>»:ix-  ::>•  fr  •• 
same  manner  as  ;it  first.      The  thrit-  results  ucie  a*  :*1^  m* 


iVr  rrnt    of   /inr 
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The  preiipitated  leriie  hxdrate  held  each  time  a'«Hit  "^'tc  i-^l 
t»ne  hall  |H*r  eent.  «»!   zinc       This  is  a  u ell  k noun  phcn*  rt:icr» '^ 
but  no  menti(»n  n!   it   s4*eins  to  ha\e  *»erii  ma»lr  b\    Me^^'*    .■  ^. 
Sihul/  ami  L<»w  tn  their  tiestnptum       This  1%  untlouMoi'x    *« 
causi'  the  ores  worketl  l»\  them  o>ntainot  si»  little   ::*»r.   th.^:   r» 
appreciable  ditleiemx"  was  made  b\  it^  prrM-mx* 

111  a  ttuirth  e\|)ertnient  tin   this  ore  an   attempt   %ka«   si».t<    r 
avoul  the  re  piecipaatu»n  ot  the  teriic  h\drate   *»\    cxaj^eAtz^ 
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the  solution  of  the  ore  in  the  acid  to  dryness,  and  taking  up  with 
water  instead  of  ammonia.  Ferric  nitrate  seems  to  lose  its  nitric 
acid  more  readily  than  zinc  nitrate,  and  by  proceeding  in  this 
manner  a  filtered  solution  may  be  obtained  containing  only  a 
small  amount  of  iron.  There  was,  however,  enough  present  so 
that  it  was  necessary  to  remove  it  with  an  excess  of  ammonia. 
There  was  found  as  a  result  66.45  P^^  cent,  of  zinc. 

In  order  to  determine  the  effect  which  the  presence  of  man- 
ganese might  have,  a  gram  of  this  same  ore  was  mixed  with  0.2 
gram  of  pyrolusite,  and  treated  precisely  as  at  first.  There  was 
found  66.76  per  cent,  of  zinc»  the  manganese  not  changing  the 
result.  Thinking,  perhaps,  that  the  manganese  dioxid  would 
not  be  sufficiently  decomposed  in  the  strongly  oxidizing  solution 
used  in  decompK)sing  the  ore,  another  experiment  was  made  upon 
the  same  ore  with  the  same  amount  of  pyrolusite  present,  but  the 
mixture  was  first  treated  with  hydrochloric  acid  to  carry  the  dioxid 
of  manganese  into  solution ;  nitric  acid  was  added  to  expel  the 
hydrochloric  acid,  and  then  the  mixture  was  treated  with  the  chlor- 
ate solution,  and  the  analysis  finished  in  the  same  manner  as  the 
previous  ones.     There  was  found  66.808  per  cent,  of  zinc. 

It  may  be  safely  concluded,  then,  that  the  presence  of  man- 
ganese does  not  interfere,  and  that  it  can  be  completely  separated 
from  zinc  by  oxidation  to  manganese  dioxid  in  nitric  acid  solution. 

A  Franklinite  ore  containing  20.86  per  cent,  of  zinc  and  con- 
siderable manganese  was  next  tried.  The  first  treatment  of  this 
ore  gave  as  its  result  only  15.60  per  cent.  The  residue  re- treated 
with  acid  as  before  yielded  i.oi  per  cent.,  and  the  residue  from 
this  again  treated  gave  up  0.50  per  cent.,  making  a  total  of  17. 1 1 
per  cent,  of  zinc,  or  nearly  four  per  cent.  low.  The  experiment 
was  repeated  upon  another  portion  of  the  same  sample.  There 
was  found  only  about  fifteen  per  cent,  of  zinc.  The  residue  was 
re-treated  as  before  and  a  little  over  one  per  cent,  was  found. 
The  residue  from  this  treatment  was  dissolved  in  hydrochloric 
acid,  the  iron  separated  as  basic  acetate,  the  filtrate  made  acid 
wnth  acetic  acid,  hydrogen  sulfid  gas  passed  into  it,  and  an 
abundant  precipitate  of  zinc  sulfid  was  obtained. 

Evidently  the  solvent  action  of  the  nitric  acid  containing  the 
potassium  chlorate  was  not  sufficient  to  completely  decompose 
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the  ore,  s<)  in  the  next  experiment  the  iollowinic  ircalmrnt  »  ** 
adopted. 

The  ore  was  first  digested  with  aqua  nrjjia  :  nitni-  a*  ul  m  i% 
then  adde<l,  and  the  mixture  evafxiratetl  until  all  the  h\dn^h)p'r:<^ 
acid  had  Iwen  exjK'lled.  the  whole  eva|M>ratetl  ncar<\  U*  «ir\nr"^ 
the  re>;ular  amount  of  the  nitric  acid  Mohition  t»t  the  |«4a««:q=-. 
chlorate  was  added  and  the  analysis  finishetl  a^  u^ual  A«  j 
result  of  this  proc^edure,  there  was  o!>taiiK*it  lo.Si  per  iTnl  «•:  nr.^ 

A  Franklinite.  containing  2.^-5.^  I^rr  cent.  <»f  /inc.  aoilv/oi  a 
duplicate  in  this  manner,  gave  results  re>|*ei-H\ih  oi  2\  ^i  t«i- 
cent,  and  2.^.34  \h:t  t*ent.  of  /inc.  Still  aiHHhi-r  ^vtmpW  «•?  trjc 
same  kind  of  ore  having  31.42  |>er  cent,  w;l^  touml  h\  the  %»rjc 
treatment  to  contain  31.^13  l>er  ixrnt. 

Some  of  the  ores  tried.  alth<mgh  very  finely  puK-rn/ni  is  A3 
agate  mortar,  were  yet  not  entirely  soluhle  in  ac|ua  rrgia  a!>l  :t  «  x« 
neces.s;iry  to  fuse  the  residue  in  order  to  etfei*t  omiplitr  ^hu!:-  *-- 

Cop})er  was  fouiul  to  lie  easily  sc*f«ratcii  in  the  Rianncr  ^Lc 
SCI il>ed  by  the  originators  of  the  nieth<id.  and  the  lead  intn^iu'^T^t 
and  that  wliich  might  otherwise  lie  pre^-nt.  >iia^  t«»utK!  :••  iui-r 
n<i  injurious  effect.  In  fact,  at  the  eiui  ot  a  titration  %i:!h  '..jc 
brow  11  tint  just  faintU  sluiwing  with  the  uranium  ai^tatr  1  U'«;c- 
iXiis><»f  li-a«l  ;uit;itf  wa-*  .itliUtl  \\ith«»ut  t  h-in^in.;  a'.  1'.'.  :  •-  •  •. 
rc;u  tion 

Thi-  mvt!i<Hl  ill  \on  Siluil/   ami   I,*»\\.   a'*i:J^vn  *»\  t*:r:-     ■ 
aiiswiT  tor  nri->tMsil\  deoim|M>M.Ml  aiul  o»tttaniiiii^  ItttU  "f  r.^     •    - 
bill  lo  a«lapt  till*  nu-th<Hl  to  all  tifi-sol  niw  i»r  o»ir.j« »'.:?>>    ^  •  ti 
iiig  It.  i*admnit!i  al«»ne   vxivpte^l  iwhuh    it  pivM-iit    r.u<     «  '" 
nn»\rd  with  li\(lioge!i  >ulh«l>.  ix*rtani  ni<*dtl'Kati««n<»  art  rK^^f^vi- 
(fiihlid    b\    thi-    prvii«lnig  e\|>eriiiu-nt^    the    l^»I!«»w?:^-    :f*r.- 
\\»»uld  M'lMU  mo>i  .idvi^vible 

Piifi-  nirtanii-  /im  is  iin»re  easih  «>btainabU*  U*t  <att»lir«'.  :i:.  : 
than  the  purr  o\id  lit  staiidanli/ing  aii«i  in  a.lua'.  2".x  •«• 
that  till*  right  «legit*t*  ol  at  itlit\  l*e  uin;«>rmi\  t:iatt)!a::i«^*.  *. ;  r  .  ic 
oi  .1  i«»lni  ittthtator  in  tlic  '*i»lutit»ii  t^  adMM-^l  It  ^t-  .»  :  • 
eaNiit  and  •*iinp!ei  li»  \\i»ik  t»»  the  iK'Utral  |"'Mi;  tin*  *%*■  !  1-  " 
d«»  It  b\  iiuMiiN  Mt  irst  pa|H'r*»  aiNl  the  ^ight  t:nt  •*!  K*>^»-f  •«'':«^ 
Hatv  t«i  sh«»\\  thv  1  hatigi  t«»  the  e%e  <l«*e^  n«K  t:::jva  r  t.  x  .  i 
ivaitiMii  with  thv  U-ritK\anu! 
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The  ore,  if  at  all  refractor>',  should  be  finely  pulverized.  A 
few  moments  spent  in  grinding  will  be  more  than  compensated  in 
the  ease  with  which  solution  may  be  obtained. 

Treat  the  finely  divided  ore  with  aqua  regia  until  there  is 
obtained  complete  decomposition,  or  until  no  further  action  is 
perceptible.  If  the  ore  has  not  been  thoroughly  decomposed, 
evaporate  to  dryness,  dehydrate  the  silicic  acid,  take  up  with 
dilute  hydrochloric  acid,  filter  off  the  insoluble  matter  and  fuse  it 
wnth  carbonate  and  nitrate  of  soda  in  a  platinum  crucible.  Dis- 
solve the  fusion  in  hydrochloric  acid  and  add  the  solution  to  the 
major  portion.  The  dehydration  of  the  silicic  acid  will  consume 
some  time,  but  if  the  ore  is  highly  silicious,  the  gain  of  time  in 
filtering  the  sandy  precipitate  of  silica  as  contrasted  with  filtering 
the  gelatinous  silicic  acid  will  be  more  than  repaid.  All  the  zinc 
in  the  ore  will  now  be  in  solution  as  chlorid.  Add  nitric  acid 
and  boil  until  all  the  hydrochloric  acid  has  been  expelled ; 
evaporate  nearly  to  dryness,  add  the  usual  quantity  of  nitric  acid 
saturated  with  potassium  chlorate,  and  evaporate  to  dryness. 
Add  the  ammonium  chlorid  and  ammonia,  dilute  with  water,  heat 
to  boiling  and  filter,  washing  with  a  weak  solution  of  ammonium 
chlorid  made  alkaline  with  ammonia.  Transfer  the  precipitate 
from  the  paper,  by  means  of  a  spatula  and  wash-bottle,  to  the 
vessel  in  which  the  ore  was  originally  decomposed,  evaporate  off 
the  water,  and  treat  again  with  the  chlorate  mixture  in  the  same 
manner  as  before,  adding  the  solution  obtained  by  treatment  with 
ammonia  to  the  original  one.  Acidify  to  the  right  degree  wnth 
hydrochloric  acid,  heat  nearly  to  boiling,  and  titrate  with  the 
standard  ferrocyanid  as  described. 

The  details  of  the  method  as  here  worked  out  are  more  numer- 
ous than  these  given  in  the  original  article  of  von  Schulz  and  Low, 
but  it  is  apparent  that  to  secure  accuracy  of  results  under  varied 
conditions,  they  are  necessary.  It  is  still  very  much  shorter  than 
the  conventional  one,  and  carefully  worked  ought  to  give  results 
nearly  if  not  quite  as  accurate,  and  certainly  the  diflficulties  in 
manipulation  are  not  so  great. 

In  conclusion,  I  desire  to  thank  Professor  Elwyn  Waller  for 
his  valuable  suggestions  in  the  preparation  of  this  paper. 


BRIMSTONE    AND    PYRITKS    AS    RAW    MATKRIAI.S 
FOR  THK  MANriWCrrRK  OF  SILFIRIC  ACIP  • 

The  question  has  often  licen  asketl  why  the  aci«l  manu:j*.-?ur 
ers  in  the  Tnited  States  have,  until  quite  revx*ntl\ .  tirrn  isMtsij 
hrinislone.  while  in  Iuiroj>c  p>  rites  !ias  l>i*vn  uscti  t»car!\  r\i*u* 
ively   lor  thirty  years.     This  seeming;  iKukuanlnc*"^'*  !*»  u*t:A!!> 
explained  in  a  manner  little  oMUplinientarx  to  «»ur  honic  if>i!u<r\ 
and  even  the  re|H»rt  is>ue<l  by  the ( »eoloj»ical  Hurrau  i»(  the  I  vr.Xr*l 
States  for  the  year  1SS7  makes  that  mi^takv 

The  author  pn)tests  a>;ainst  this  abuM.*  auil  ^hom^  that  t:  tSr 
variations  in  the  priix*  of  )>riniNtonc.  the  lii'^torx  i»t  our  p\r*:r-» 
mines,  the  o>nnnercial  situation  in  the  |K*tio<l  nu*ntionol  jtii*  ihr 
development  of  the  industries  usiu^  acid  are  o»n%!drrr«i  J-. 
explanation  can  easily  Ik-  found 

Whi'llier  brimstone  or  p\ rites  is  preferable  at  a  ^!\rn  prr.r    * 
not  S4)i*asy  todtt^i<lc.  and  acid  manufacturers hoUi\ic%i si  tnth:***^' ♦ 
jeet  which  differ  widely  from  each  other     Tu«»  articles  hj\r  \jk*.r'  • 
\h:vu  pulilished  treating;    <»n  this  subjiii.     <»ne  m  X\\\^   H.urr-_i 
N<»veml>er.  iSt^i.  bv  \Vm.    H    A<lams  (P\rile^  .is  3  Mjtrfa*  >  : 
the  Manufacture  of  Sulfuric  Acid*      The  seimid  arTi*  !r  j^^f-ci^r-. 
in  the   A //>;/w<f ////;,'   11//4/  .l//w/vc    /• /#".m.'  0!  Jii!\   .* ;     :s.;     Tv 
CoinjKiiative  Wilue  o|  Hrimstntie  and  !*\  rile^  tn  the  Mirtu:*  '..-t 
Slilluiic  Acitl  )  !i\  J     H     KelleN    ♦      The  first  \er\    !«r:^!;-. .    !•• 
conlauiH  nianv   inleiestinji:  statistical  and  hist«'?!^a!  ::•  !t  *  a--:  -^ 
uie** .    lull  the  theme  it'^lt   is  treated  \er\  oiu-  stiU-^IIv    ■:;   ri.    - 
pMites       Mr     Kelle\   s  .irtu  le  is  nhort    but  tht   ^tattrtr  ••.*    !    - 
taiiiN  mine  inut  h  nearer  the  truth  than  tl:**'***  m  !::e  l'«fr  ;<•  •  :•*- 

l*t»i  the  biiiniiij;  of   /•/;«/»/.»«*•  «»nl\  •»inipl\  v'»:i^trTiv  :t^i  :  :'-.i  \» 
pieleialiK  made  eiitirelv  •♦Ica'^t  lion   aie  ne^t>>v.ir\     iv.  1  ;  r  i  '.     i 
no  impurities  ^et  into  the  ai  kI  made  trom  It      Thei'kht'*   -aV.     '    i*. 
carried    a\\a\  meihanualK  with  the  ^ascs    arc  tIc|»i^::oI     -   •  t 
loiinectiiii;    pn^"**   or  ('.l«»ver    tower       Tl;e    ju!l:"r    ^ ••:*■•• '.t •>•    :    • 
latter  i«»ni!\     and  N^Mnetinie'*  trouble^ inu*  appiTate.'*    *.::•-•.*•  ▼■»%!  • 
it   ItnniNtone  i**  burned,    with  p\  rite**  it  i-^m^'Te  um  r-.:'  •   •  . .  • 
thr  i^aM->  .iiiil  keeping:  the  dtist  and  part «»!  the  jr-^t;-,      ..:        :  • 

\ 
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chambers ;  it  also  enables  the  manufacturer  to  keep  the  impure 
tower  acid  separate  from  the  chamber  acid. 

For  constructing  a  Glover  tower  usually  so-called  * '  chemical 
bricks ' '  are  used,  but  the  author  found  that  some  kinds  of  paving 
bricks  resist  acid  better,  are  smoother,  and  cost  less  than  half  the 
price  of  the  former.  Instead  of  quartz  for  filling  a  Glover  tower, 
glass  balls  of  about  four  inches  diameter  are  recommended. 
Quartz  can  only  be  obtained  in  irregular  lumps,  which,  on  ac- 
count of  their  sharp  edges  and  comers,  are  diflficult  to  handle,  and 
exert  a  strong  pressure  against  the  sides  of  the  tower,  while  hollow 
glass  balls  of  about  four  inches  diameter,  which  can  be  bought  at 
a  moderate  price,  are  light,  uniform  in  size,  and  cause  an  equal, 
and  with  each  layer,  varying  distribution  of  the  gases  and  acid. 

Pyrites,  as  used  in  the  manufacture  of  sulfuric  acid,  is  not  pure 

disulfid  of  iron,   FeS,,  which  contains  46.7  per  cent,  iron   and 

53-3  per  cent,  sulfur,  but  a  mixture  with  other  sulfids  and  gangue. 

Pyrites  mined  in  the  United  States  contains  usually  39  per  cent. 

to  42  per  cent,  sulfur,    and  besides  iron,  copper,  zinc,  traces  of 

cadmium,  and  arsenic.     Below  are  some  analyses  made  by  the 

author,  expressed  in  percentages  : 

I.  2.          3.  4.          5.  6.  7. 

Moisture 2.9  1.3  0.8 

Sulfur 45.1  37.6  37.1  50.2        43.7  40.6  42.4 

Iron 40.6  41.5  37.3  35.4 

Copper 3.1  5.2          0.6  i.o  1.4 

Zinc 3.0  4.5          0.8  1.9  5-5 

Cadmium. o.i  o.oi          ?  ?  ? 

Insoluble f'     2.9  9.5  14.7  1.4  10.5  5.1 

Arsenic. ?  ?            0.02  Trace.  Trace. 

No.  I.     February,  1882.    Tallapoosa  Mine,  Ga. 

No.  2.    Average  of  several  determinations  made  in  1884.     Rogers 

Mine,  Paulding  Co.  Mining  Company,  Dallas,  Ga. 
No.  3.    Average  of  several  determinations  made  in  1884.     Sulfur 

Mines  Company,  of  Virginia,  Louisa  Co.,  Va. 
No.  4.     November,  1882.     Peru  Zinc  Company,  La  Salle,  111. 
No.  5.     May,  1884.     Dodgeville,  Wis. 
No.  6.     November,   1891.     Sulfur  Mines  Company,  of    Virginia, 

Louisa  Co.,  Va. 
No.  7.     December,    1891.      Davis    Sulfur  Ore   Company,   Davis, 

Franklin  Co.,  Mass. 

Each  sample  represented  one  or  more  car  loads. 
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Pyrites  is  either  sold  as  '*  lumps"  or  **  fines,  "  because  each 
kind  requires  an  entirely  different  furnace.  The  coptsruction 
of  furnaces  for  burning  *'lump'*  pyrites  is  well  known.  Fur- 
naces for  ''fines"  are  either  worked  by  hand  or  by  machinery, 
but  common  to  all  is  that  the  pyrites  is  spread  out  in  thin  layers 
on  shelves  arranged  one  above  the  other.  Fresh  pyrites  is  charged 
on  top  and  gradually  worked  down.  Schaffner's  furnace  is  con- 
sidered the  best,  although  it  is  worked  by  hand,  costing  cpnsider- 
able  labor,  and  the  frequent  opening  of  doors  lets  much  gas  escape. 
The  Hammond- Spence  furnace  is  worked  by  machiner>%  but  it  is 
difficult  to  keep  it  tight  and  the  machinery  causes  much  trouble. 

A  round  furnace  constructed  by  MacDougall  Bros.,  of  Liver- 
pool, did  not  work  satisfactorily,  but  it  has  been  improved  by 
A.  C.  Johnson,  of  Baltimore.  Theoretically,  this  furnace  is  nearly 
perfect,  and  it  works  well  as  long  as  everything  is  in  good  order ; 
labor  is  reduced  to  a  minimum,  the  evolution  of  gas  is  regular, 
and  as  no  doors  are  opened  there  is  no  loss  of  gas  ;  but  it  must 
be  constructed  and  tended  with  the  utmost  care,  otherwise  it  will 
cause  no  end  of  trouble.  The  cinders  weigh  about  three-fourths 
of  the  weight  of  the  pyrites  used,  and  contain,  besides  the  oxids 
of  metals  present  in  the  pyrites,  undecomposed  sulfids  holding 
from  one  to  five  per  cent,  sulfur.  American  pyrites  contains, 
usually,  several  per  cent,  of  zinc,  and  as  the  zinc  blende  or  the 
sulfate  of  zinc,  which  is  formed,  requires  a  higher  temperature 
for  decomposition  than  that  reached  in  pyrites  furnaces,  the 
sulfur  combined  with  zinc  is  not  available.  On  an  average,  it 
can  be  assumed  that  the  cinders  contain  four^per  cent,  sulfur, 
which  is  equal  to  three  per  cent,  sulfur  in  the  pyrites.  Copper 
is  usually  present  in  too  small  a  quantity  to  make  its  extraction 
profitable,  and  its  presence,  together  with  the  high  percentage 
of  silica,  makes  the  cinder  unsalable  to  iron  works. 

Besides  the  somewhat  more  complicated  and  more  costly  con- 
struccion  of  furnaces,  and  the  constant  higher  cost  of  labor  in 
burning  pyrites,  there  are  other  factors  in  favor  of  brimstone  : 

First,  it  requires  less  chamber  space  to  produce  the  same 
amount  of  acid. 

Second,  lead  chambers  are  said  to  last  longer  with  brimstone 
than  with  pyrites. 
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Third,  the  acid  produced  is  of  different  quality. 

From  the  following  equation  it  will  readily  be  seen  why  pyrites 
requires  more  air  than  brimstone : 

S  +  2O  =  SO, 
2FeS,  +  iiO  =  Fe,0,  +  4SO, 

The  nitrogen,  which  enters  with  the  oxygen,  dilutes  the  fur- 
nace and  chamber  gases  more  in  the  second  case  than  in  the  first, 
and  causes  them  to  be  poorer  in  sulfurous  acid.  Theoretically, 
it  would  require  131  cubic  feet  of  chamber  space  for  pyrites 
against  100  cubic  feet  for  brimstone.  According  to  the  author's 
exp)erience,  one- fourth  more  chamber  space  is  sufficient  to  pro- 
duce the  same  amount  of  acid,  with  the  same  consumption  of 
niter. 

It  is  very  difficult  to  get  exact  figures  on  the  second  point, 
because  the  life  of  a  set  of  chambers  depends  on  so  many  circum- 
stances, /.  e,,  quality  of  the  lead,  construction  of  the  whole  appa- 
ratus, temperature  of  the  gases,  whether  the  chambers  are  forced 
or  not,  and  last  but  not  least,  on  the  care  of  management.  It  is 
claimed  that  arsenic  in  pyrites  is  ver>'  detrimental  to  lead,  but 
this  is  not  likely  and  the  arsenic  gets  the  blame,  while  it  is  the 
high  temperature  of  the  gases  that  does  the  harm.  This,  of 
course,  could  be  avoided  by  proper  construction,  so  as  to  cool 
the  gases  more  before  they  enter  the  first  chamber. 

Concerning  the  third  point,  it  has  already  been  stated  that  from 
brimstone  practically  no  impurities  get  into  the  acid.  It  is 
different  with  pyrites,  especiallly  when  ** fines"  are  used,  which 
produce  so  much  dust  that  the  chamber  acid  resembles  red  wine ; 
but  for  nearly  all  technical  purposes  this  small  amount  of  iron  in 
the  acid  does  no  harm  whatever.  On  concentrating,  the  oxid  of 
iron  dissolves  and  the  red  color  disappears,  without  giving 
trouble  in  the  lead  pans  or  platinum  stills,  at  least  not  if  only 
commercial  acid  of  93  per  cent.  H,SO^  is  made.  A  more  harmful 
•  impurity  is  caused  by  the  arsenic  in  the  pyrites. 

It  may  be  remarked  here,  that  pyrites  from  Massachusetts  and 
Virginia  always  contains  arsenic,  claims  of  the  mine  owners  to  the 
contrary  notwithstanding.  The  amount  is  small  and  it  is  diffi- 
cult to  detect  it  in  the  pyrites,  but  it  can  easily  be  determined  in 
the  acid  made  from  these  ores ;  it  is  however  all  precipitated  in 
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the  (ilovcr  lower  and  first  chaml)er.     Acul  from  the  &r<  chamVr 
contains 0.005  V^^  cent,  arsenic:  if  all  the  chatnlicr  aci<l  t«  iiiii.r>l 
it  contains  atx)ut  0.002  per  cent,  arsenic,  the  acid  licinK  £i:ur^i 
as  66*  H6.     If  pyrites  richer  in  arsenic.  like  the  Sjiani^h  1*  humrti 
arsenic  can  t>e  found  in  all  the  chanilien>  in  a!M»ut  the  Si»!^'«!;:c 
proj)ortion  :   First  chanilK-r.  o.  16  |ier  cent.  arMrnic .  icx-^mtl  t  hj=n 
l>er,    c).(K>8   per   cxmU.    arsenic:  thinl  chanil»er.    o<i^^  |irr  vrnt 
arsenic;  fourth  cham)K*r.  trace. 

Fortunately  the  presence  of  arsenic  does  not  mtertcTe  »:!>* 
many  applications  of  sulfuric  acid,  for  instaiKn:  in  the  manuM^tvirr 
of  phosphates  and  ct>al  oil.  TheMr  tuo  induHirir^  n^  a**  ct 
eighty  |Hrr  cent,  of  all  the  sulfuric  acid  prixluixtl  in  thr  I  r::!ol 
States.  But  for  the  in>n  industry  aiul  for  the  pro«!ui-tH»n  *<  aII 
substances,  which  are  usetl  <lirei*tly  or  imlirectlx  a^  s*»!  t 
nietlicine.  the  sulfuric  aci<l  must  l>e  entirely  tree  tnmx  ar^cTx:* 

Various  pn>cesses  an*  in  use  lc>  purify  acitl  tn>ni  ar>cnu  ^^*.  :3 
all  of  them  the  latter  is  precipitatetl  as  iii*«oIuhle  %ultid  w'^i's 
lH*r  acid  to  l>e  purifietl  has  to  lie  >iiamietl  and  <lilutfn!  !•*  a^»«^*. 
46'  He.  If  large  quantities  of  aci«l  omtaining  mm  h  ar^^cr:  *  hi-r 
to  l>e  Irealetl  it  is  itmsideretl  cheafHT  li»  umt  h'.dnnccn  *:st!iil  rr-i  .r 
from  iron  sulfid  an«l  >ulfuric  aci«i  But  tor  atid'^i^mi.i'jv.ti^*  '  rrjr 
aiM.*iiir  the  punfiration  with  a  solution  oi  lunum  »»u!!':«l  %%-■•.•!  • 
and  rhra|K.-r.  Nothing  harmful  mnaniH  in  the  a^  t*!  r.:*-^  •  ^r 
sulfate  o!  I)anum  and  sultid  ot  afM-nu-  ^^itU"*  rapid*. \  ir,- .  •:  x  -.  • 
liour>  llu*  arid  c\iii  Ik-  run  t)uouv:h  a  '^uitaMv  tiltrr  !■>  ^r',  • 
|»crli-<'ll\  ilcar 

It  rriiiaiiis  now  to  i-\prrHN  the  relative  \a!ue*«:  Stt-.v:  ■ -.  11. 
p\  riles  in  ti^nres 

Mr    \V    H.  A«lamN,  m  tlie  artuie  iiientn»nrt!  ji*»'\r    r.^  -.-r-*  •. 
a\aila)>le  Millur  in  pxnte'^as  et|Uiva!ent  «»r  c\rn  *«it!cf  i.,xr,     r  - 
Nt*»ne.      But  aii\<»ne  omverv^mt   with  the  *»uK^c\t  v  av.  n*    .    w 
llial   inaiix  oi   his  h^^ures  are  eiitireh   wn»n^       y*^t   -.n^tir-ir    "-r 
laUiilates  willi   hriinsinfn    a  o»nsiimption  «»!   s:\  \nT  .t*!        '.4* 
Willi  p\  iiles  nnl\   lour  and  one  ha!:  {»rr  wii!    nrter     as*  :••     ^  *    ? 
same  prmliu  tittti  o!  sulfuric  aeid  in  the  vanic  ihas:;^ir?  sja^v        :•!.- 
tutther  raliulates  the  w«>rk    i«»si  i»*  plant    %%ear  jin«i  tr^r  t"*-   si  :  r 
in  !»«»t!i  K  A><-^ 

Mi    J    H    Kellex   s  ealeulatious  are  nH»rv  reliaN.c  Sut  •.**    r  ^.  : 
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in  favor  of  brimstone.  Although  he  assumes  the  chamber  space 
necessary  for  pyrites  to  be  one- third  larger  than  for  brimstone, 
he  calculates  3.6  per  cent,  niter  for  brimstone  and  five  per  cent, 
for  pyrites ;  he  further  calculates  the  wear  and  tear  on  a  p>Tites 
plant  to  be  twice  as  much  per  ton  of  acid  produced  as  on  a 
brimstone  plant. 

The  author  makes  the  following  calculation : 

CHAMBKR  ACID  FROM   BRIMSTONE. 

2\  tons  brimstone  (5600  lbs.),  |2r.oo  per  ton f 52.50 

225  lbs.  niter  (  =  4  per  cent,  of  the  brimstone),  2  cts.  per  lb.  4.50 

220  lbs.  sulfuric  acid,  60-  B^.,  40  cts.  per  100  lbs .88 

4  men  at  $1.50  (2  firemen  for  boilers  included) 6.00 

Wear  and  tear  on  buildings,  furnace,  chambers,  etc.,  40  cts. 

per  ton  chamber  acid  produced 5.40 

Repairs  on  buildings,  furnace,  chambers,  etc.,  20  cts.  per 

ton  chamber  acid  produced 2.70 

Fuel,  light,  etc. 2.00 

Office  expenses 5.00 

Interest  on  capital  invested 5.00 

Product — 13 J  tons  (2000  lbs.  each)  =  27000  lbs. I83.98 

I  ton  chamber  acid,  50^  B^.,  costs  $6.22. 

CHAMBER   ACTD   FROM   PYRITES. 

55  tons  pyrites  (=  12320  lbs.),  37  per  cent,  available  sulfur, 

I6.00 I3300 

180  lbs.  niter  (=4  per  cent,  of  the  available  sulfur),  2  cts. 

per  lb 3.60 

250  lbs.  sulfuric  acid,  60^  Be.,  40  cts.  per  100  lbs. i  .00 

Breaking  of  the  pyrites  and  removing  the  cinders 1.40 

6  men  at  Jr  .50  (2  firemen  for  boilers  included) 9.00 

Wear  and  tear  on  buildings,  furnaces,  chambers,  etc.,  50 

cts.  per  ton  chamber  acid  produced 5.50 

Repairs  on  buildings,  furnaces,  chambers,  etc.,  25  cts.  per 

ton  chamber  acid  produced  2.75 

Fuel,  light,  etc.  2.00 

Office  expenses 5.00 

Interest  on  capital  invested 5.50 

Product — 1 1  tons  (2000  lbs.  each)  =  22000  lbs.,  cost ^8.75 

I  ton  chamber  acid,  50^  B^.,  costs  $6.25. 

It  must  not  be  forgotten  that  this  is  the  cost  of  sulfuric  acid 
50°  B6.  in  the  chambers,  without  the  expenses  incurred  in  con- 
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centrating,  packing,  handling,  and  losses  in  handling,  etc.,  but 
these  will  be  alike  in  both  cases.  If  American  pyrites  are  used, 
the  cost  of  purifying  the  acid  from  arsenic  is  only  about  ten  cents 
per  ton. 

We  see  that  from  pyrites  containing  forty  per  cent,  sulfur,  at 
$6.00  per  ton,  chamber  acid  can  be  made  at  the  same  cost,  as 
with  brimstone  at  $21.00.  Forty  per  cent,  pjrrites  5delds  about 
thirty-seven  per  cent,  available  sulfur ;  one  ton  of  the  latter  there- 
fore costs  ^""^7?^  =  $16.20,  and  the  difference  between  $16.20  and 
$21.00,  that  is  $4.80,  expresses  the  lesser  value  of  a  ton  of  avail- 
able sulfur  in  pyrites  compared  with  brimstone.  From  this  the 
following  table  of  values  has  been  calculated : 


Cost  of  I  ton  pyrites 

with  37ft  avail. 

sulfur. 

Cost  of  I  ton 
avail,  sulfur. 

Lesser 
value. 

Corresponding: 

value  of  I  ton 

brimstone. 

$S'00 

I13.50 

$4.80 

I18.30 

6.00 

16.20 

4.80 

21.00 

7.00 

18.90 

4.80 

23.70 

8.00 

21.60 

4.80 

26.40 

If,  however,  pyrites  rich  in  arsenic  is  used,  and  all  the  acid  has 
to  be  purified,  the  "lesser  value'*  would  have  to  be  increased 
about  $1.50,  making  it  $6.30.  Taking  pyrites  with  forty-seven 
per  cent,  available  sulfur  at  $8.00,  one  ton  available  sulfur  would 
cost  $17.00;  add  $6.30  and  we  get  $23.30  as  the  corresponding 
value  of  brimstone. 

Let  us  hope  that  the  immense  deposits  of  brimstone  in  our 
country  can  soon  be  made  use  of,  and  enable  the  acid  maker  to 
return  to  this  ideal  raw  material. 


TRINIDAD  PITCH:    ITS  OCCURRENCE,  ORIGIN, 
NATURE,  AND  COMMERCIAL  APPLICATION 

FOR  PAVING.* 

By  Clifford  Richardson. 

The  island  of  Trinidad  lies  off  the  north  coast  of  South  America, 
between  10°  and  11®  of  latitude  and  61®  and  62®  of  longitude. 
It  is  bounded  on  the  north  by  the  Caribbean  Sea,  on  the  east  by 
the  Atlantic,  on  the  south  by  a  narrow  channel,  into  which  flow 
;qe  waters  of  the  northern  and  most   westerly   mouths   of   the 

♦From  a  report  to  the  ICng^ueer  Commissioner  of  Washington.  D.  C. 
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Orinoco,  and  on  the  west  by  the  Gulf  of  Paria,  the  two  latter 
bodies  of  water  separating  it  from  the  mainland  of  Venezuela. 

It  is  of  an  irregular  rectangular  shape,  wnth  promontories 
extending  from  its  southwestern  and  northwestern  comers  which 
are  several  miles  in  length,  between  which  and  the  mainland  are 
the  narrow  straits  known  as  the  Dragons  and  Serpents  mouths. 
These  promontories  fonn  a  large  portion  of  the  northern  and 
southern  boundaries  of  the  shallow  rectangular  Gulf  of  Paria, 
whose  outlets  to  the  ocean  are  through  the  Dragons  and  Serpents 
mouths.  The  island  has  an  average  length  of  forty-eight  miles 
and  breadth  of  thirty-six,  containing  about  1,750  square  miles 
and  being  about  one-fifth  the  area  of  the  State  of  Vermont.  It 
is,  as  a  whole,  a  fiat  country,  with  a  high  and  striking  mountain 
chain  descending  abruptly  into  the  sea  along  its  northern  shore 
and  with  low  central  and  southern  ranges  of  less  importance. 
Its  coasts  are  naturally  abrupt  on  the  north,  and  consist  of  low 
bluffs  on  the  south  and  are  fiat  on  the  east  and  west.  The  only 
harbors  are  on  the  western  coast. 

The  shape  and  structure  of  the  long  promontories  which  have 
been  mentioned  reveal  the  fact  that  Trinidad  is,  structurally, 
intimately  connected  with  the  main  land.  This  is  proved  by  the 
geology  and  fauna  of  the  island,  the  latter  corresponding  closely 
to  that  of  the  mainland  and  the  geological  vStructure  being  a 
continuation  of  that  of  the  continent. 

Its  climate  is  entirely  tropical  and  somewhat  different  from  that 
of  the  remaining  Antilles  in  this  respect. 

Trinidad  was  discovered  by  Columbus  on  his  third  voyage  in 
1498  and  taken  p>ossession  of  in  the  name  of  Spain,  which  colo- 
nized it  about  ninety  years  after.  In  1797  it  was  taken  by  Great 
Britain,  and  has  remained  since  then  one  of  her  most  important 
West  Indian  colonies,  and  the  second  in  size. 


GKOI.OGV   OF   THK    ISLAND. 

The  island  of  Trinidad,  while  not  directly  connected  with  the 
chain  of  islands  of  volcanic  origin  known  as  the  Windward  or 
Caribbean  Islands,  is  directly  on  the  great  line  of  volcanic 
disturbances   running    from   these   to    the   continent   of   South 
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America   and    its   volcanic   regions.     Many   of   the    \Vinil«aM 
Islands  are  still  possessed  of   active  x'ents.  so  that  TnnNljd  mat 
l)e  looked  u|)on,  with  its  thermal  springs  ami  pitch  <lr|v«%it«    a% 
l)eing  situated  at  the  lowest  point  Ixrtween  the  nK>untatn»u%  \«s 
canic  chains  of  the  West  Indies  and  those  of  S<»uth  AmcrKj 

Its  geology  has  l>een  studied  to  any  extent  onl>  !»\  U'al!  iM 
Sawkins,  who  in   i860  published  under  government  au*pKr^  j 
*' Report  on  the  (»eology  of  Trinidad,  etc.*  in  mhich  ihr\  ^t^r 
an  elal)orate  account  of  the  structural  geolog>  <»f  the  t%ljn«l  Ar>! 
its  pitch  de|K)sits.      More  than  two-third?*  of  thr  Mirtju-r  1*  •►«  Ur 
tiary  or  recent  origin,   including    the   entire    %i>uthem   j**rt>« 
where  the  pitch  de|K>sits  are  located.     The  ftirmatMHi'*  oin%i<  -^ 
clay,  loose  sand,  shales,  limestones,  calcarecm^  Hamt^fn)r%    jnda 
rate<l  clays.  |>orcelainities  of  l>rilliant  ci>lor%.  with  pitch  «lc|»**«t* 
and  lignite  here  ami  there.     The  lied^  have  lieen  onr%idrr  j*h% 
disturl>ed  and  have  at  times  a  large  dip.     In  a  %cnr^  <4  W«««r 
sand,  clays,  and  shalcN  lies  the  Pitch   Lake,  mith  im  raW-afr»'t»* 
foniiation  near  at  hand. 

Without  lengthening  thi>  rejiort  with  further  rrlcnr.n^r^  t*-  tiic 
geological  structure  of  the  iNlaml.  I  ut>uld  refer  the  rrjidrf  *W^:r 
cms  of  examining  the  suhjein  in  greater  detail  t»»  the  fC'^f-rsA: 
work    of    Wall    anil    Sawkins.   es^Kt-i.illv    that    j»»Tt:»*n  tlr'><o' 

AplKMUllX    C 

TlIK    I'lTCII     I»Hn»Mrs 

While  there  are  <ie|M>*»it«»  «»f  pitch  MMttered  all  o\rf  tSr  :%.!->•* 
the  only  <mes  <>(  ctimmerrial  iiinw>rtJiux:  are  th«»'<"  %i:uj!r'l     -  1  * 
Hrea  INnnt.  in  the  wardsof  La  Hrea  dtuX  i»uj{«i>  in  the  ,^»*:'-t^     i 
St.  P.itruk.  on  the  western  shore  of  the  island       Thr\   irr  i^^  1' 
twenty  eight  miles  in  an  air   line  fnnn  IN»rl  of   Spun    tSr  w*!    v 
government,  the  chief  harU»r  and  onlv  put  of  rntratxx    ir^^i  *.'*    c 
the  north   "^hore  ol  the  Mnithwe^tern  |H*ninsiiU    the    |«'in»    .;•« 
wliuh  lhe\  are  Nitnati^l  iKMiig  a[>parentl\  prescrxrx!  !r*«m  .!<<••:> 
litm   !»\    the  s<;i.    whuh   i«»  elsrwhere  rapul!\  virarttii:    a«a«    '  :w 
coast.  !»N  the  httnininons  de|«t%!t««  whuh  e\M  al«»ng  the  %Si  er  *t», 
e\en  Nunie  diMaiue  from  it.  ami  which  tfoni  their  toui:ht)r^%  •t'*^^ 
the  at  tion  «»!   the  wa\e«»  Intler  than  the  ^»lt  n^ks  tm  •>!•%  rx%^  ♦• 
The  pitch  de|>osiiH  are  found  s^^-atteretl  *»\er  the  |MMut    !««!  ^  At  *« 
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divided  conveniently  into  two  classes,  according  to  their  source. 

The  main  deposit  is  a  body  of  pitch  known  as  the  Pitch  Lake, 
situated  at  the  highest  part  of  the  point. 

Between  this  and  the  sea,  and  more  especially  toward  La  Brea, 
are  other  deposits,  covered  more  or  less  and  mixed  with  soil. 

The  pitch  from  these  sources  is  classed  as  '  *  lake  pitch ' '  and 
* 'land  pitch." 

THE  PITCH  LAKE. 

By  far  the  largest  amount  of  pitch  is  found  apparently  in  the 
Pitch  Lake,  a  nearly  circular  area  of  114.67  acres,  138  feet  above 
sea  level.  From  the  lake  the  ground  falls  away  on  all  sides, 
except,  perhaps,  a  slight  ridge  to  the  east  and  southeast.  In 
fact,  it  seems  plain  that  this  deposit  lies  in  the  crater  of  a  large 
mud  volcano  which  has  filled  up  with  pitch. 

The  crater  is  a  fiat,  gently  sloping  mound,  wooded  over  a  large 
portion,  open  savanna  elsewhere,  and  toward  the  north  merely 
grassed  over. 

On  the  west  its  slopes  toward  the  sea  are  gentle  for  some 
distance,  but  then  more  abrupt.  On  the  north,  toward  La  Brea 
Point,  the  reverse  is  the  case,  and  a  ravine  runs,  with  a  small 
stream,  quite  to  the  village,  this  slope  being  very  scantily 
covered  by  a  growth  of  coarse  grass  near  the  lake,  becoming 
more  bushy  farther  on,  while  the  other  slopes  are  well  wooded, 
with  magnificent  palms  near  the  lake,  forming  a  beautiful  band 
or  border  around  it,  within  which  is  a  grassy  zone  of  about  100 
to  200  feet  or  more  in  width. 

As  to  the  depth  of  the  pitch  deposits  and  of  the  crater  many 
conjectures  have  been  made,  but  none  of  them  vSeem  founded 
upon  any  basis  of  fact.  At  some  little  distance  from  the  edges 
pits  have  been  sunk  as  deep  as  twelve  feet,  in  which  pitch  has 
welled  up  rapidly  from  the  bottom,  shown ng  that  there  must  be 
some  feet  more  of  the  substance  underneath.  It  is  impossible, 
or  has  been  impracticable,  to  sink  deeper  pits  on  account  of  the 
rapidity  with  which  the  pitch  flows  in  all  directions,  and 
attempts  to  bore  were  equally  unsuccessful  in  1889. 

In  past  times  the  pitch  very  probably  continued  to  collect  until 
it  overflowed  the  rim  of  the  crater  in  many  directions,  and  thus 
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perhaps  became  the  source  of  some  of  the  land-pitch  deposits 
now  fonnd  all  the  way  from  the  lake  to  the  sea. 

At  first  sight  of  the  Pitch  Lake  one  sees  a  flat,  dark  expanse 
of  pitch,  dotted  here  and  there  with  large  clumps  of  shrubs  and 
grasses,  surrounded,  except  to  the  north,  with  a  wall  of  palms. 

On  closer  inspection  it  appears  that  the  central  portion  of  the 
surface  is  divided  up  by  a  network  of  pools,  looking  from  a  dis- 
tance like  shallow  puddles  of  rain  water.  On  walking  over  the 
lake,  which  is  entirely  possible,  it  will  be  seen  that,  while  these 
pools  are  accumulations  of  rain  water,  they  are  deeper  than  would 
be  expected,  in  many  cases  several  feet,  and,  with  their  irregular 
shape,  depend  upon  the  fact  that  the  pitch  is  not  one  homogeneous 
mass,  but  consists  of  spherical,  polygonal,  mushroom-like  masses, 
which  at  the  p>oint  where  several  come  together  form  the  spaces, 
which  are  filled  with  water. 

These  masses  of  pitch,  slightly  convex  on  the  surface,  are  one 
of  the  most  distinctive  features  of  the  lake  surface.  They  range 
from  thirty  to  two  hundred  feet  in  diameter,  with  a  round,  roll- 
ing edge,  and  coalesce  more  or  less,  depending  upon  the  hard- 
ness of  the  pitch  of  which  they  are  composed,  there  being  a  con- 
siderable difference  in  this  respect  between  the  edges  and  center 
of  the  lake.  Owing  to  the  softer  nature  in  the  center  there  are 
there  fewer  |>ools  and  shallower  ones. 

One  of  the  most  characteristic  mushroom -like  masses,  situated 
near  the  central  part  of  the  lake,  is  an  almost  perfect  circle  of 
sixty-six  feet  in  diameter.  It  has  a  convexity  of  one  foot  six 
and  a  half  inches,  and  a  very  regular  and  typical  formation,  being 
neither  too  soft  nor  too  hard  to  retain  all  the  evidences  of  change 
of  shape.  It  is  the  summit  of  one  of  the  domes  ♦  ♦  « 
******  which  reveals  the  wa\'y  nature 
of  the  lake  level  caused  by  the  dome-like  masses  and  the  depressed 
pools  between  them. 

There  have  been  several  attempts  made  to  explain  the  existence 
of  these  interstitial  spaces  without  entire  satisfaction,  but  it  is 
plain  to  any  obser\'er  that  each  large  mass  has  a  motion  of  its 
own  by  which  the  lower  portions  are  brought  up  and  roll  out 
from  the  center  to  the  edges. 

This  motion,  with  the  aid  of  the  water,  preserves  the  circular 
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or  polygonal  shape  of  each  mass  and  thus  permits  the  continued 
existence  of  the  star-shaped  pools.  The  rolling  motion  is  evi- 
denced by  the  fonn  of  the  edges  and  by  sticks  and  other  foreign 
substances  which  rise  out  of  the  pitch  and  assume  various  angles 
as  the  mass  rolls  toward  the  edge.  The  sticks  often  carr>'  a  cap 
of  pitch  which  they  have  torn  away  from  the  surface,  but  they 
never  have  any  adherent  to  the  sides,  nor  will  pitch  adhere  to 
wet  substances.  Gas  bubbles  or  cavities  which  are  found  all 
through  the  lake  pitch  as  they  reach  the  surface  are  drawn  out, 
with  the  movement  of  the  mass  toward  the  circumference,  into 
fine  lines,  and  the  whole  surface  becomes  covered  with  rings  and 
wrinkles  showing  the  concentric  motion  that  is  going  on.  This 
movement  or  rolling  motion  in  the  pitch  is  explained  with  greatest 
probability  as  due  to  alternate  expansion  and  contraction  of  the 
viscous  mass  caused  by  changes  of  temperature  between  day  and 
night,  during  the  day  the  surface  of  the  pitch  reaching  a  tempera- 
ture of  140°  F.,  and  at  night  falling  to  80°  or  90°,  or  lower.  It 
may  be  also  influenced  by  the  continued  evolution  of  gas  in  the 
mass. 

The  rain-fall  of  Trinidad  is  of  tropical  abundance,  so  that  the 
joints  are  kept  full  at  all  seasons,  and  the  water  prevents  the 
coalescing  of  the  edges,  although  not  that  of  change  of  shape, 
in  the  mass. 

Notwithstanding  the  motion  in  the  mass  the  pitch  of  nearly 
the  entire  lake  is  hard  enough  to  walk  over  easily,  and  with  the 
pick  can  be  flaked  out  in  semi-conchoidal  masses  of  fifty  to  seventy 
pounds  weight.  A  person  standing  for  any  length  of  time  in 
one  place  would  sink  a  slight  divStance,  and  a  hole  several  feet 
deep  will  gradually  fill  up  in  a  few  days  and  disappear.  This 
takes  place  by  a  pressure  in  all  directions,  upward  as  well  as 
lateral,  and  is  well  illustrated  in  an  experiment  which  was  made 
at  a  point  about  three  hundred  feet  from  the  edge  of  the  lake. 

A  pit  was  sunk  in  the  lake  about  three  hundred  yards  from 
Station  25  on  Monday,  November  16,  11  A.  M.  Its  changes  in 
shape  and  rapid  filling  appear  from  the  following  measurements : 
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The  clianyjes  show  that  the  presnure  \\a*»  in  rvrp  tlirrxtt-^ 
upward  as  well  as  lateral,  aiul  that  the  inrm  the  pit  ji%<^uRir«!  •  i^ 
what  we  shotild  ex|K^ct  as  the  reNiiltaiit  of  k>r\^r^  ai-ttni;  m  thr% 
tnaiiiier  in  a  viscous  mass.  In  fact.  Trini«la<l  pitch  whether  tn 
the  lake  or  when  taken  elsewhere.  !llu**trate^  ni«»Ht  Jlrr^cxt!\  I'.l 
the  phenomena  of  >;lacial  flow,  and  when  «ktt>ml  in  hcjj-^  ^•■r 
l)ecx)mes  a  solid  mass,  although  !>rittle  enou^^h  t«»  !«c  itakoS  »Tth 
a  pick  at  any  time.  It  may  !>e  made  a  onivenient  iiicati%  *h  I'.'ti* 
tratin^  many  well-known  j^eolojjica!  fart*» 

Near  the  center  of  the  lake  there  are  in  %(>mr  of  ihc    v-jstt* 
patches  of  softer  pitch.  Mmie  of  it  %i>  '^ott  that  a  U»\  Mnk%  to  h  * 
knees  in  twenty  se<^)nds.      It  is  not  of  difierriit  trnijic?Jt':irr  *••  i-: 
the  harder  pitch,  in  (act  is  a  little  i^>oler.  owinj*  t«»  it^  ^urT^-tr^tr^* 
hut  It  is  of  a  brilliant.  >»1«>nsv  Mack,  like  v:ast.ir    an»l  t^  t.V.r^i  «  • 
ami  rontinnallv  emits  j^as.      This  ^^a^*  near  thr  c^l^c*  '»:  '/  *   -    i** 
is  frnni  time  to  time  evolwd  with  o»nHidefaMr  \  i»»Ut;»\  i-vi  ^  -*    * 
readih        It  is  larj»ely  h\dn>>;en   snifid  and  *arU'n  d  •  v***        I^ 
]M>sits  of  snltur  are  si*vn  alxnit  the    rent'*    and  the   \%Atrr     %      *    i 
stronj^  mineral  character  and  somixetl  with  the  •••.!.>.  :hjt  r  *-•«-* 
of  the  latter  can  Ik*  puked  up  aiul  kneaded  in  the  h.\:i«*.'»  «  !*       ! 
Its  adhering;  to  them 

At    the    s4»tt    sj>ot    the  e\olutioii  f»l    ^.is  i%  m*  rap*. I    a*  t       * 
evi<lent    e\eii    t<»   the    ordinarx     ohMrrwr.     hut    it    wr>.'.- ^:*  Cr*- 
takes  plaee  to  a  smaller  «lev;ret*.  at  all  times    atl  K*\rt   the     xl" 

rhe  larv:e  o*tuh%:di:   r»Ur* 

pitrli   puked   out    tor    shipping;   rr\ea»   the   !a%t   ihil  **.*   !hr     t4 
pitrh  Is  hone\rom)»etl   \Mth  ^ra**  t  a\  iiies  ItwikiUi;  tniiv  li  '  k-    :      •-, 
in  a  Sw  ins  i  hee^* 

It   the  M»Jt  piti  h    Is  iollertet!   aiul   in  t5ie  la*«»fat»»f\    x'/j^m  s^ .   ' 
stand  in  a  i  U»mhI  \esM:l  in  a  warm  plaix  it  will  vxmtir.ur  :.  <  .   k.  v 
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gas  which  can  be  collected ;  in  fact,  samples  in  sealed  tin  cans 
all  exploded  while  coming  from  Trinidad,  showing  that  a  chemi- 
cal reaction  of  considerable  energy  was  going  on.  This  reaction, 
without  doubt,  continues  for  a  long  time,  as  the  pitch  grows 
harder,  and  in  conjunction  with  the  surrounding  physical  condi- 
tions may  somewhat  influence  the  movement  of  the  pitch  in  the 
mushroom-like  masses. 

Although  the  soft  pitch  is  said  by  E.  L.  Joseph,  in  a  histor>' 
of  Trindad  published  in  1837,  to  occupy  a  space  of  three  and 
one  half  acres,  it  does  not  seem  now  to  cover  more  than  a  few 
irregular  joints  amounting  to  a  few  hundred  square  yards. 

A  pole  penetrates  not  more  than  six  feet  before  striking  hard 
pitch.  The  soft  spot  is,  in  fact,  caused  by  the  filling  up  of  some 
of  the  old  joints  with  soft  pitch  instead  of  water  and  it  is  chroni- 
cled that  w^here  an  evolution  of  soft  pitch  is  found  beginning  in 
a  watery  joint  it  arises  to  the  surface  in  the  shape  of  a  mushroom. 

In  the  neighborhood  of  the  ver>'  soft  pitch  are  found  joints  filled 
with  semi-soft  material  and  others  with  pitch  of  different  degrees 
of  hardness,  so  that  it  is  very  apparent  that  the  soft  stuff  gradu- 
ally changes  and  becomes  like  the  remainder  of  the  lake. 

THK    LEVEL    OK   THE    LAKE. 

In  1885,  Mr.  M.  S.  Manross  described  the  Pitch  Lake  in  the 
Americaji  Journal  of  Scieiice.  Of  the  pitch  at  the  edge  of  the 
lake,  where  the  road  starts  for  La  Brea,  he  says  :  "Here  the  pitch 
is  bare  or  but  slightly  covered  with  grass.  Its  appearance  is 
not  that  of  a  sudden  simultaneous  overflow  in  a  single  smooth 
stream,  but  that  of  a  great  number  of  streams,  each  but  a  few 
number  of  yards  or  rods  in  breadth . "  It  is  evident  from  this  de- 
scription that  there  must  have  been  an  actual  overflow  from  the 
lake  or  crater  at  the  time.  To-day  there  is  nothing  of  that  sort  to 
be  seen,  and  the  pitch  outside  the  lake  is  well  grassed  over.  This 
is  undoubtedly  due  to  the  very  large  amount  of  pitch  removed 
from  the  lake  in  the  last  twenty  years,  and  is  confinned  by  the 
fact  that  on  the  east  and  west  sides  of  the  lake  are  well  defined 
terraces  of  hard  pitch,  showing  the  old  lake  margins. 

It  appears  that  the  level  of  the  lake  has  fallen  in  the  last  few 
years  about  two  feet,  as  evidenced  by  the  terrace  on  the  southern 
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margin,  or,  if  this  terrace  is  deceptive,  as  much  as  two-thirds  of 
a  foot,  as  shown  by  the  terrace  on  the  northern  margin.  I  am 
inclined  to  believe  that  the  northern  terrace  has  been  somewhat 
denuded  and  that  the  southern  one  is  too  high  and  that  the  lake 
has  perhaps  fallen  in  level  a  foot  or  a  little  more. 

The  surface  of  the  lake  appears  from  the  plotted  levels  to  be 
decidedly  undulatory,  especially  in  the  center,  which  is  at  the 
same  time  higher  than  the  southern  side  and  quite  as  high  as 
the  northern,  except  in  the  immediate  neighborhood  of  the  soft 
spot.  Had  the  levels  been  run  from  top  to  top  of  the  mushroom- 
like masses  instead  of  at  regular  intervals,  which  at  times  fell 
near  the  joints,  probably  some  of  the  lower  depressions  would 
have  been  avoided. 

THE  LAND-PITCH  DEPOSITS. 

La  Brea  Point  consists  of  a  mass  of  hardened  pitch  deposits  and 
reefs  extending  some  distance  into  the  gulf  and  along  the  shore 
in  both  directions.  The  deposits  are  found  in  greater  or  less 
abundance  at  all  points  between  the  shore  and  the  lake,  and 
directly  along  the  line  of  the  road,  over  an  area  estimated  at  a 
thousand  acres  or  more.  Two  feet  or  more  of  soil  cover  the 
deposit  at  some  distance  from  the  lake,  but  near  it  the  thickness 
diminishes  and  at  places  bare  pitch  is  found. 

On  the  point  the  pitch  of  the  reefs  is  hard  and  resonant  and 
has  no  cementitious  value.  The  nearer  the  deposits  are  to  the 
lake,  however,  the  more  viscous  they  become. 

The  incline  from  the  lake  to  the  gulf,  a  distance  of  three- 
quarters  of  a  mile,  is  at  first  about  one  in  twenty-five,  gradually 
diminishing  to  the  shore.  Near  the  edge  of  the  lake  there  is 
now  a  rank  growth  of  grass,  followed  by  shrubs  and  trees  after 
passing  the  forks  of  the  road.  In  the  village,  cultivated  land  is 
found,  and  large  pits  filled  with  stagnant  water,  from  which 
pitch  has  been  excavated.  Except  very  near  the  lake,  the  pitch 
excavated  from  the  land  deposits  is  of  a  ver>'^  different  appear- 
ance from  that  taken  from  the  lake,  and  it  is  also  of  several 
kinds. 

The  conchoidal  masses  removed  from  the  lake,  as  I  have  said, 
contain  large  gas  cavities,  and  in  appearance  and  somewhat  in 
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consistency  resemble  a  black  Swiss  cheese.  On  this  account  the 
land  pitch  most  nearly  resembling  this  is  known  as  *  *  cheese 
pitch."  It  occurs  in  various  degrees  of  porosity  and  life.  In 
addition,  land  pitch  is  found  in  solid  masses  scarcely  to  be  dis- 
tinguished from  refined  asphalt,  and  this  is  known  as  *  *  iron  pitch.  *  * 
Pitch,  known  as  "cokey  pitch/'  from  having  been  coked  by  the 
burning  of  the  brush  over  its  surface,  and  the  chocolate  and 
friable  alteration  products  which  have  originated  from  atmos- 
•   pheric  action  and  disintegration,  are  also  recognized. 

I  am  informed  that  in  excavating  for  land  pitch  there  is  fre- 
quently found  at  that  depth  where  the  deposit  seems  to  be  about 
to  vanish  a  dirt>',  black,  sticky  clay.  In  the  same  hole,  there- 
fore, it  seems  to  be  possible  for  all  the  different  kinds  of  land 
pitch  to  be  associated. 

As  can  be  seen  in  the  ♦  ♦  ♦  «  specimens 
which  have  been  collected,  the  land  pitch  has  lost  much  of  its 
viscosity,  and  does  not  become  an  easy  yielding  mass  under  the 
summer  sun.  It  occurs,  as  described  by  Mr.  Bowen,  who  was 
present  at  a  time  of  more  active  excavation  than  I,  '*in  all  sorts 
of  peculiar  shapes,  some  as  irregular  columns,  two  or  three  feet 
thick  and  three  to  five  feet  high,  others  as  long  irregular  mounds ; 
some  as  beds  with  surface  covered  with  irregular  depressions 
and  cavities,  and  all  stiff  and  unyielding. 

' '  Some  of  these  pits  make  it  appear  as  if  earth,  etc. ,  constituted 
full  three-quarters  of  the  original  mass  before  mining  was  done. 
In  a  few  places  in  the  village  it  was  noticed  that  the  half-hidden 
asphalt  was  on  the  surface  of  the  ground,  and  that  its  edges 
presented  the  rolling  character." 

Mr.  Bowen  also  says :  **The  origin  of  the  asphalt  and  its  erra- 
tic forms  as  seen  in  the  villiage  pits  and  of  the  bowlder-like 
masses  along  shore  is  obscure. 

"It  seems  by  their  peculiar  forms  and  their  detached  state  as 
if  this  asphalt  never  came  from  the  lake  by  overflow,  but  that  it 
oozed  up  out  of  the  earth  through  more  or  less  small  and  some- 
what scattered  fissures,  and  that  by  long  exposure  to  the  elements 
and  an  ancient  cessation  from  gas  evolution  it  has  long  since 
come  to  differ  greatly  physically,  and  to  a  considerble  degree 
chemically,  from  lake  asphalt." 


706  TRINIDAD    PITCH. 

These  views  agree  with  those  of  Wall  and  Sawkins.  We 
should  have,  then,  land  pitch  derived  from  an  overflow  from  the 
lake  and  land  pitch  from  pockets  where  it  has  either  originated 
or  been  pushed  up  along  lines  of  least  resistence  from  subter- 
ranean supplies.  The  presence  of  reefs  along  the  shore  and 
scattered  masses  from  miles  around,  which  could  hardly  be  de- 
rived from  the  lake,  and  of  springs  of  soft  bitumen  some  distance 
south  of  the  lake  and  also  in  the  sea,  points  also  to  the  fact  that 
this  view  of  the  question  is  correct. 

The  deposits  in  the  village,  however,  like  the  detached 
masses  along  shore,  seem  to  be  of  considerably  greater  age  than 
any  others  and  of  correspondingly  little  value  for  cementing  pur- 
poses. 

THK    ASPHALT   OF   THE    LAKE    AND   OF   THE    LAND    DE- 
POSITS  FORTY   YEARS   AGO. 

I  have  quoted  from  a  paper  by  N.  S.  Manross,  published  in 
i}[i^  American  journal  of  Science  in   1855,  ♦         ♦         ♦         ♦ 

in  which  he  gives  a  graphic  description  of  the  lake  and  the 
overflow  from  it,  although  the  technical  applications  of  pitch 
were  then  small.  His  observations  are  of  value  to-day  as  being 
unbiased  and  being  made  under  circumstances  which  time  has 
apparently  largely  modified.  Some  of  his  statements  which  are 
of  present  interest  are  as  follows:  He  says,  "In  no  part  of  the 
ascent  from  the  shore  to  the  lake  does  the  pitch  appear  to  be  cov- 
ered by  more  than  one  or  two  feet  of  soil,  while  in  the  most  places 
it  is  entirely  bare.  *  *  *  In  places  where  the  surface  is  not 
protected  by  vegetation,  it  becomes  so  far  softened  by  the  sun  as 
to  be  still  making  progress  downward.  On  nearing  the  lake  the 
ascent  becomes  steeper,  amounting  to  perhaps  twenty-five  feet 
in  the  last  ten  rods. 

'*Here  the  pitch  is  bare  or  slightly  covered  with  grass.  Its 
appearance  is  not  that  of  a  sudden  simultaneous  overflow  in  a 
single  smooth  stream,  but  that  of  a  great  number  of  streams,  each 
but  a  few  yards  or  rods  in  breadth.  These  independent  streams 
have  jostled  one  another  strangely  in  their  progress.  Their  sur- 
faces are  wrinkled  and  drawn  out  into  all  manner  of  contortions, 
and  where  the  edges  meet  small  ridges  have  been  thrown  up,  and 
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the  pitch  broken  into  fragments  not  unlike  the  scoriae  of  lava  cur- 
rents. These  fragments  of  pitch  were  on  fire  in  several  places, 
having  been  kindled  by  a  fire  which  ran  through  the  *bush'  a 
few  weeks  before.  The  direction  of  the  principal  stream  from 
the  lake  is  to  the  north.*' 

Referring  to  the  pitch  nearer  the  sea,  he  says  :  *  'In  some  places 
the  bitumen  is  so  mixed  with  earth  as  to  lose  some  of  its  tough- 
ness as  well  as  some  shades  of  its  pitchy  hue." 

From  these  observations  it  seems  plain  that  there  was  practi- 
cally an  overflow  as  late  as  1854  and  a  movement  in  the  over 
flow  pitch.  There  must  have  been,  then,  also  much  less  growth 
on  this  overflow  than  at  present,  when  it  is  scarcely  possible  to 
make  it  out  even  near  the  lake.  The  bush  fires  also  account  for 
the  coke  we  have  found.  The  reason  of  this  gradual  oblitera- 
tion of  the  overflow  stream  and  increased  growth  of  herbage  is 
due  undoubtedly  to  the  stoppage  of  the  flow.  Our  investigations 
as  to  the  relative  level  of  the  lake  and  crater  sides  *  * 

*  *  *  *  prove  that  this  has  been  caused  by  the  re- 
moval of  so  much  pitch  in  the  times  since  1854  that  the  level  of 
the  lake  is  so  diminished  as  to  prevent  any  continuance  of  the 
overflow.  In  the  last  twenty-five  years  nearly  300,000  tons  of 
pitch  have  been  taken  from  the  lake,  and  as  the  influx  is  small 
the  lake  level  has  naturally  been  much  reduced  and  the  flow 
toward  the  \nllage  stopped.  In  consequence,  herbage  has  grown 
up  on  the  old  surface  and  concealed  the  pitch  more  or  less.  The 
elements  have  then  acted  on  it  during  a  series  of  years  and 
considerably  altered  its  character.  Even  in  Manross*s  time  the 
older  overflow  appeared  to  him  to  have  deteriorated. 

Whether  the  entire  supply  of  the  point  was  originally  from  the 
lake  can  not  be  said,  but  in  the  light  of  the  above  observations 
of  active  movement  in  1854  it  appears  probable  that  the  flow  may 
even  in  comparatively  recent  ages  have  extended  a  long  distance 
toward  the  sea  even  while  other  masses  of  pitch  may  have  broken 
out  or  originated  in  the  soil  at  lower  points  independently  of  the 
lake,  as  suggested  by  Wall  and  Sawkins.  In  this  case  much  of 
the  land  pitch  must  have  been  exposed  for  very  long  periods  to 
natural  conditions  which  would  cause  great  deterioration  and 
make  it  essentially  inferior  to  the  lake  pitch. 
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Mannross's  description  of  the  lake  structure  and  its  rocnrmrat* 
is  extremely  graphic  and  well  worth  reading.  A{»iarentl\  thenr 
has  l)een  little  change  in  ap{)earances  there  since  hi^  time  lo 
his  pa|>er  he  remarks  that  **  various  attempts  have  licrn  m^iic  :•> 
apply  the  inexhaustible  store  of  bitumen  afiordeil  !>>  the  Ijikc  :*> 
some  useful  purpose,"  apparently  ignoring  the  laml  dr|»»*:l^  i^ 
l>eing  of  not  much  value.  **Mixe<l  with  sand  ami  prbbJr^  i:  :• 
nuich  use<l  for  pavements  and  gniund  fliwirs  «>f  hou^c-%  at  V*<*. 
of-Spain." 

From  the  preceding  <lescription  it  is  ?iccn  that  there  i^  a  iCtti! 
deal  of  land  pitch  scatteretl  over  La  Hrea  Point:  that  :t  :*  «t 
various  forms  and  qualities,  and  that  while  in  the  lie>t  exi  a\  at>  ti% 
as  much  as  lo.ooo  tons  per  acre  may  !>e  olHainetl.  other  di^jicmjc* 
do  not  afford  in  quantity  orcjuality  emnigh  pitch  to  !«>  rrniunerj 
tive.  •••••• 

OTIIKk   IlITlMINorS  1>KI1>SITS  IN  TIIK  ISI.\M>    \M»\UIx:t\ 

Some  little  <lisiance  sinith  and  wot  al«mg  the  oia^^t  tn»ta  tSe 
Point  lioycr  anchorage  oil  may  !>e  Mren  in  s|Ma?*  u|nm  the  ••urt^.T 
of  the  gulf,  distinguished  on  a  wind\  da\  U\  the  o»t:t;^r.it;\T 
free<lc>m  (n>m  waves  aUnit  it.  This  oil  onne^  tr«»ni  ^uSmr'-jc 
springs  On  the  shore  just  anniml  the  first  small  j»«it;!  **'-  • 
r«»int  lioNer  ;in<l  aUiut  a  mile  west  ot  the  lake  and  «»n  j  *!  *:  *  r  ^ 
elevatetl  bank,  istphte  a  spring  ot  li<|uid  bttuinen  %ihn  h  ir.  :•  -rjr- 
times  was  worke<l  with  no  ct>mmereia!  su^vexs  The ''t*  ^  *«^  ♦ 
nuuh  suHur  ami  U>ils  largely  o\er  ?-•»'  F  .\j»»»thr?  »;  *  * 
exists  two  miles  south  of  the  lake,  ami  there  are  rit-^r^  a!  I  i 
l-'oitiineon  Iros  bav.  ei>:ht  miles  farther  tli>\%u  the  ou<  I*.  *.  ♦ 
nei>^h)M)rh(MHl  I  lielteve  considerable  m«»ne\  has  lieen  *|icr.:  ^ '.--^ 
\\a\  ot  a  tramwa\  aiul  plant  tor  oliiainiii^;  asphalt  bi:!  the  »  "  ■- 
thiii>:  has  imw  Ik^cii  aliaiuloned 

M.inroNs    in  his  article  in  is^^    sa\s         Fn»m  the  j**rr.t  •^■•"r 
the  l.ifge  spriiiv:  oi   (H-troIvum   breaks  i»ut  under   the  mti    j!    <  i< 
three  miles  of  sh«»re  to  the  northward,  consists  mat ?r.\  *<  <'r  i-  -» 
of   |»!tt  h    tiom   the  lake       Tliere  are  a  tew   iiitervaNof   vi?   S: 
and  t  la\  where  elixatiotis  !ia\e  du erletl  the  bitum:i>*u*  i.uf  t*  !* 
Hut   all  the   ino«»t  prominent  heaillands  are  th««M:  nhuh   itk     j< 
letidid  b\  tlu-  iihlniatetl  pitch       This  nutenal  h4*sl«*«icsi 
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a  considerable,  though  as  yet  unknown,  distance  under  the  sea.'* 

Either  from  a  cessation  of  the  flow  or  exuberance  of  tropical 
growth  these  appearances  are  not  now  visible,  but  this  may  well 
be,  as  Manross's  description  of  the  overflow  toward  La  Brea  is 
that  of  a  scene  very  different  from  what  one  now  sees. 

This  seaward  overflow  may  be  the  cause  of  all  the  asphalt 
along  the  shore  but  it  does  not  seem  probable. 

Much  of  this  deposit  must  have,  like  the  oil  spring,  arisen  on 
the  spot  where  it  lies. 

Bituminous  deposits  are  also  found  on  the  Island  at  Mont- 
serrat  on  the  southeast  side  of  the  hills,  at  Naparima,  at  Oropuche, 
at  Quemada,  and  Moruga,  and  one  of  liquid  pitch  has  been 
discovered  at  Mayaro  in  the  last  few  months.  At  Guayaguayare, 
on  the  southern  coast,  there  is  a  large  lagoon  covered  with  oil 
or  soft  pitch,  and  knowm  as  Lagoon  Bouf  from  the  fact  that  it 
boils  up  and  makes  quite  a  puffing  noise  at  times.  Submarine 
springs  of  bituminous  nature  are  found  at  various  points  on  the 
shore  and  even  on  the  eastern  or  ocean  side. 

These  bituminous  deposits  are  of  three  kinds,  the  ordinary 
pitch,  a  pure  glance,  and  oil.  None  of  them  are  of  any  commer- 
cial value. 

On  the  mainland  there  are  several  well-known  pitch  deposits 
and  many  salses  or  boiling  springs.  On  the  Pedronales  River, 
one  of  the  outlets  of  the  Orinoco,  an  English  company  is  now  at 
work  under  a  concession,  and  at  Maturin,  in  the  State  of  Ber- 
mudez,  in  Venezuela,  a  company  is  endeavoring  to  develop  large 
deposits  of  bitumen. 

COLLECTING   AND   SHIPPING   OF    PITCH. 

There  is  no  harbor  at  La  Brea,  and  owing  to  the  shoal  water 
it  is  impossible  for  vessels  which  seek  a  cargo  of  pitch  to  lie 
nearer  than  from  one-quarter  to  one-half  a  mile  from  shore.  To 
them  the  pitch  is  brought  in  lighters  holding  some  about  ten  tons 
and  others  smaller  amounts.  They  are  mostly  provided  with 
sails  and  are  strongly  built  affairs,  as  at  times,  with  a  heavy 
northwest  blow  in  the  dry  season,  landing  and  unloading  are 
rough  work. 

There  are  two  points  from  which  the  lighters  convey  the  pitch  to 
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the  vessels.  La  Brea  Village  ami  Point  Boycr.  •  •  •  •  • 
From  La  Brea  l)oth  laiul  ami  lake  pitch  are  shippctl :  Inm  IN^int 
Boyer  only  lake  pitch.  The  county  mad  niiu.  innn  the  lake 
to  La  Brea  and  furnishes  the  means  for  the  collection  and  hau*.:'^*< 
of  all  the  land  pitch  to  the  shore:  the  other  roa<l  aUnit  4  ts-.V 
lonyj,  hasl)een  constructetl  for  the  sfHrcial  purfwtM:  of  haulinic  '.i*r 
pitch  to  Point  Boyer.  and  is  a  private  affair  over  laml  «mno!  *»% 
the  Trinidail  Asphalt  Company.  At  this  jM>int  a>  much  a%  7  «•• 
tons  of  pitcli  aivunuilate  at  a  time  and  jK)rtion«k  o!  it  he  thcfr  *• 
lonjc  as  three  months  or  more,  running  ti>>;ether  into  a  ^»Jid  tna*^ 
It  is  hauled  tliere  in  two-wheeletl  dump  carts  with  imilc^  TSc?r 
are  alxmt  sixty  carts  in  use  at  a  time.  haultiiK  from  m\  t»»  ten 
loads  a  day  ln-tween  4  or  5  A.  M.  and  2  or  .^  P  M  I^trr  tkaa 
that  it  is  tcK>  hot  ami  the  pitch  is  t«H)  sott  tt>  ui»fk  The  c^atc 
has  a>  many  as  ei^lity  animals  ami  others  are  hire^l  t»\  o^ntrao? 
They  are  fnrnislicd  to  the  neKrtH*>  with  t«»oU  to  work  with  i**i 
so  much  is  paid  ft »r  each  hud  deli veretl. 

At  point  Boyer  there  is  a  she«I  where  the  pitch  1%  wr^c^-^*    • 
load  K^'"^*cally  l>i*inK  a  short  t<m.      It  is  then  diimfirtl  iti  a  hn- 
dircctly  uimmi  the  shore,  or  u|Mm  a  rude  pier.   laf>:rl\  a  rrr*  *•<- 
jMiint  t»f  hardened  pitch.  Iml  partialU  ot   artificial  c«»n<T-.s.t  ■ 
i  h\\n\i  li»  the  inoxt-incnl  of  the  pitch  and  «»t  the  s.if»dv  S<'.  ■■     i 
till-  lnv:h  iioithwcsi  wind  whit  h  l»ln\\%  at  imus    it  '^-rr*-.   1  !r 
t<>  in.unt.nn  a  Nuitalilc  pier 

ThiN  hi-ap  «»!  piirh  rnii'*  verv  siwui  inl«»  a  siilid  i:i,is%   jvl   c  \  ▼;  ' 
llic  rcicnl  deliveries.  iiuihI  \h:  puki*<l  to  punrs  ai:a!n  *^:-  rr      .1 
iiiv;  inl«»  the  lij^hler**       Tins  ih  «|oiiv   li\  ik-^tih-s    wU**  l.»i-l  *    .: 
iKiskcl**  carried  t»n  the  hea4!  or   wheclharrow*    wtth   «kh  *  ;   • 
w.ilk   alotiv:  a  plank   aUianl  the  li^hter^  and  dump  :!  *r*.   &     1  1 
in  the  nihldle       The  «juanlilv  «»1  pit*.h  carriol  N*  the  *.»;::»--    • 
known,  and   tritm  a  tall\  ot  the  tium)H*r  l<u«lo!  on  a   vr^««     :.   - 
laiu'o  !•»  caK  nl.ited       Ni»t  until  she  is  ilis^harcrd  :n  th*»    *   -•  -• 
Is  the  t  \.itt  iiniidK-r  ot  t«>ns  deterintiie«t 

When   tw«i  ••!    iiioii-   \f*«*<is    are   i«»a<lin^     hijhttrs    r:i^     ^*    r 
tlufii  U»th  li«»i!i    Pi'iiit  liowr  aiitl    La  Hiea    thm-    *<-"r.^  a  - 
lak«    piti  li  .i!n«»  al  the  latter   place  i»si  the  lica^  h    whuh    ?.**  '"-x 
hait!td!h<?<   i!'»r'.^  l!u  \  illa^e  roail.  anil  wht*  h  isu^cl  a*  1  ^  -■  t 
snppl>   :•':  the  i;u:i  <>r  retiniiit;  wttiks   whuh  a?r  s::uitc*i  :..«'. 
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From  La  Brea  Point  most  of  the  pitch  for  the  continent  is 
shipped,  largely  in  a  refined  condition.  The  crude  pitch  for  this 
purpose  comes  from  the  edge  of  the  lake,  at  its  northern  and 
northeastern  edge,  about  where  the  road  leaves  the  lake  and 
near  to  the  origin  of  the  overflow.     ***** 

The  pitch  for  Point  Boyer  comes  from  the  northern,  western, 
and  southwestern  borders  of  the  lake,  portions  of  convenient 
access  to  the  two  branches  of  the  Point  Boyer  road. 

All  the  lake  pitch  is  taken  from  a  belt  200  feet  in  width  and 
about  200  feet  from  the  border  of  the  lake.  Farther  in  upon  the 
lake  difficulties  would  arise  preventing  carts  and  mules  from 
moving.  The  material  is  taken  out  in  large  conchoidal  flakes, 
many  weighing  as  much  as  seventy-five  pounds.  It  has  a  rich, 
live  look  and  is  full  of  large  gas  cavities  and  shows  some 
evidences  of  water  mechanically  entangled  in  the  mass.  In 
color,  when  fresh,  it  is  a  semi-lustrous  bright  black,  with  a 
brownish  tinge,  becoming  more  brown  in  drying.  When  refined, 
as  in  epure,  it  is  a  bright  blue-black,  even  when  powdered,  and 
rapidly  runs  together  and  coalesces  at  summer  temperatures. 


LAND    PITCH. 

Land  pitch  is  obtained  by  excavation  and  separation  from  the 
earth  with  which  it  is  mingled.  It  has  been  collected  all  the 
way  from  the  lake  to  the  Point  and  varies  in  quality  vastly.  Near 
the  lake  it  has  only  a  light  covering  of  soil,  a  foot  or  less,  pro- 
duced by  material  collected  upon  it  by  wind  and  rain  and  by  the 
rotting  of  the  pitch  itself  to  a  friable  condition.  Near  the  point, 
in  certain  cases,  the  covering  becomes  many  feet  deep  and  the 
proportion  of  cheese  pitch  much  smaller,  but  even  at  the  same 
distance  there  is  a  great  variation  in  localities,  some  spots  furnish- 
ing thousands  of  tons  to  the  acre  and  others  not  paying  for 
excavation.     Near  the   lake,  naturally,  cheese  pitch  is   found 

fairly  comparable  with  lake  pitch,  but  even  here  some  iron  pitch 
and  inferior  stuff  occurs,  an  indication  that  a  change  has  already 
begun-. 

Consul  Pierce  remarks  in  his  report : 

**The  cheese  pitch  of  the  land  is  firmer  and  stiffer  (the  more 
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SO,  it  seems,  the  farther  from  the  lake  it  is  fouml)  than  the  cheese 
pitch  of  the  lake.** 

He  considers — 

"The  difference  was  slight  when  two  carts  containing,  one 
the  lake,  the  other  land  pitch,  were  placed  side  by  side.  The 
lake  pitch  was  somewhat  brighter  than  the  other  and  possibly 
of  a  more  volatile  appearance.** 

This  from  a  person  unacquainted  with  the  technology  of 
pitch  is  convincing  of  a  remarkable  difference,  for  if  an  entire 
novice  can  distinguish  this  in  any  way  it  must  be  actually  ver>' 
large. 

TO   BE   CONTINUED. 

NEW  BOOKS. 

Allen's  Commercial  Organic  Analysis.*— This  book  bears 

evidence  throughout  of  careful  and  conscientious  work  on  the 
part  of  the  editor.  The  original  edition,  which  had  120  pages 
on  the  subjects  here  treated,  is  enlarged — not  padded^to  .584 
pages  in  the  present  volume.  The  Amines  and  Ammonium 
bases  are  treated  in  21  pages;  The  Hydrazines  in  17  pages;  the 
Ba.ses  from  Tar  in  88  pages ;  and  the  rest  of  the  book  is  given 
to  the  Vegetable  Alkaloids.  The  book  is  really  a  dictionary, 
for  ver>'  full  references  to  the  literature  of  the  subject  are  given 
under  each  heading,  so  that  the  study  may  readily  be  followed 
up.  Such  books  are  exceedingly  valuable.  The  chemist — espec- 
ially the  analyst — is  always  busy,  and  anything  which  helps  him 
to  get  needed  information  in  the  least  time  is  sure  to  be  appre- 
ciated. 

The  author  defines  the  alkaloids,  after  Konigs,  as  **  those 
organic  bases  found  in  the  plant  kingdom  which  are  pyridine 
derivatives ' ' . 

The  volume  is  beautifully  printed  on  good  paper  and  has  two 
plates,  after  photographs,  illustrating  the  tea  leaf  and  the  leaves 
of  those  plants  commonly  added  as  adulterants. 

*  Commercial  Orgranic  Analysis.  By  Alfred  H.  Allen.  Second  Edition,  rexnsed  and 
Enlarged  Volume  III — Part  II.  Amines  and  Ammoniam  Bases.  Hydrarines.  Bases  from 
Tar.  Vegetable  Alkaloids.     Philadelphia  :  P.  Blakiston,  Son,  and  Company.  1892. 
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Acid,  standardization  of   •••  191 

Acidimetry.  comparison  of  methods,  373  :  standardisation  of  normal  solutions  \%ith 
copper  sulfate,  431 ;  potassium  tetroxalate  as  a  standard  in,  435.  See  also  Alka- 
limetry and  Volumetric  Analysis. 

Adams.  W.  H.  Pyrites  as  a  Material  for  the  Manufacture  of  Sulfuric  Acid 9.  72.  «42 
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Alkaloids,   manufacture  of  Cinchona  i3i,  304  ;  Assay  of 163 
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Antimony,  separation  from  arsenic  and  tin 277 

AKM8TRON<i,  Henry  K.  The  International  Conference  on  Chemical  Nomenclature.  390 
Arnold.  Carl,  and  Conrad  Wedemeyer.    Spica's  Method  for  Determination  of  Phos- 
phoric Acid 598 

Arosemena,  C.  C.    See  Mason.  W.  P. 

Arsenic,  separation  from  gold.  87 ;  from  antimony  and  tin.  377 :  determination  of  phos- 
phorus in  presence  of.  381 ;  volatilization  as  arsin 408 

A.sbestos.  use  of  in  filtration 35 
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